40/574804 

WMSRec'd r::. .T3 0 5 APR 2006 

H03-1745US 

1 

[Title of the Document] SPECIFICATION 

[Title of the Invention] INTAKE AIR AMOUNT CONTROL 

SYSTEM FOR INTERNAL COMBUSTION ENGINE 

[Field of the Invention] 

[0001] 

The present invention relates to an intake air 
amount control system for an internal combustion engine, 
for controlling an "intake air amount by variably 
controlling both the valve lift and the cam phase, that 
is, the valve timing, of intake valves. 
[Background Art] 
[0002] 

Conventionally, as an intake air amount control 
system for an internal combustion engine, provided for 
controlling an intake air amount, one described in 
Patent Literature 1 is known. This engine includes a 
variable valve lift mechanism and a variable cam phase 
mechanism, and the valve lift of intake valves is 
changed by the variable valve lift mechanism, and the 
cam phase of an intake cam shaft relative to a 
crankshaft is changed by the variable cam phase 
mechanism, whereby the valve timing of the intake valve 
is varied. 
[0003] 

In this intake air amount control system, the cam 
phase and the valve lift of each intake valve are both 
variably controlled by the variable cam phase mechanism 
and the variable valve lift mechanism, whereby the 
intake air amount is controlled. More specifically, a 
target valve lift, which is a target value of the valve 
lift, and a target cam phase, which is a target value 
of the cam phase, are set according to load on the 
engine and the like, and feedback control is carried 
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out based on the target values. Further, the target 
cam phase or the target valve lift is corrected so as 
to avoid interaction between the intake valve and a 
piston. I^ore specifically, for example, the difference 
between a valve lift detected by a sensor and the 
target valve lift is compared with a predetermined 
threshold value, and when the difference is equal to or 
larger than the* threshold value, the target cam phase 
is corrected such that it is more retarded (example 
shown in FIG. 10 in Patent Literature 1) . 
[0004] 

[Patent Literature 1] Japanese Laid-Open Patent 
Publication (Kokai) No. 2002-332876 
[Disclosure of the Invention] 
[0005] 

When the variable valve lift mechanism and the 
variable cam phase mechanism are both driven for 
control of the intake air amount, as in the above 
conventional intake air amount control system, that is, 
when both valve lift control and cam phase control are 
executed for control of the intake air amount, the 
valve lift control and the cam phase control interact 
with each other due to the differences between the 
dynamic characteristics of the two variable mechanisms, 
which can result in the degraded control accuracy and 
response of the intake air amount control. More 
specifically, when the valve lift is controlled by the 
variable valve lift mechanism, the intake air amount 
can be changed more quickly than when the cam phase is 
controlled by the variable cam phase mechanism, whereby 
it is possible secure high responsiveness of the intake 
air amount control. On the other hand, when the 
variable cam phase mechanism is employed, the intake 
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air amount can be more finely controlled by a smaller 
amount of change, whereby it is possible to secure 
higher control accuracy. As described above, the valve 
lift control and the cam phase control are different in 
control characteristics of the intake air amount, so 
that when they interact with each other, it is 
impossible to properly control the intake air amount. 
For example, when high control accuracy is required, as 
in the case of the engine being in a low-load region, 
the intake air amount cannot be finely controlled by 
the valve lift control, and hence when the valve lift 
control interacts with the cam phase control, control 
accuracy is degraded by the adverse influence of the 
interaction. 
[0006] 

The present invention has been made to provide a 
solution to the above-described problems, and an object 
thereof is to provide an intake air amount control 
system for an internal combustion engine, which 
controls the amount of intake air by executing both cam 
phase control and valve lift control, and is capable of 
enhancing response and accuracy of the intake air 
amount control, while avoiding interaction between the 
cam phase control and the valve lift control. 
[0007] 

To attain the above object, the invention as 
claimed in claim 1 provides an intake air amount 
control system 1 for an internal combustion engine 3, 
which variably controls a cam phase Cain of an intake 
cam shaft 5 for opening and closing an intake valve 4, 
relative to a crankshaft 3b by a variable cam phase 
mechanism 70, and variably controls a valve lift Liftin 
of the intake valve 4 by a variable valve, lift 
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mechanism 50, to thereby control an amount of intake 
air drawn into a cylinder of the engine 3, comprising 
target intake air amount-setting means (ECU 2, target 
intake air amount-calculating section 90, steps 20 and 
21) for setting a target intake air amount Gcyl_cmd to 
which the amount of intake air is to be controlled, 
according to a load parameter (engine speed NE, 
accelerator pedal opening AP) indicative of load on the 
engine 3, intake air amount-detecting means (ECU 2, air 
flow sensor 22, intake pipe absolute pressure sensor 
23) for detecting the amount of intake air (intake air 
amount, actual intake air amount Gcyl) , first control 
value-calculating means (ECU 2, first and second ACTASS 
controllers 100 and 200, steps 37 and 38) for 
calculating a first control value (target valve lift 
Liftin_cmd, target cam phase Cain_cmd) for use in 
controlling one of the cam phase and the valve lift 
such that the detected intake air amount converges to 
the target intake air amount, and second control value- 
calculating means (ECU 2, first and second slave value- 
calculating sections 110 and 210, steps 51, 52, 56, 60, 
and 64) for calculating a second control value (target 
valve lift Liftin_cmd, target cam phase Cain_cmd, slave 
values Lif tin_cmd_sl, Cain_cmd_sl) for use in 
controlling the other of the cam phase and the valve 
lift based on the first control value calculated by the 
first control value-calculating means. 
[0008] 

According to this intake air amount control 
system, the target intake air amount to which the 
amount of intake air is to be controlled is set 
according to a load parameter indicative of load on the 
engine; the first control value for controlling one of 
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a cam phase and a valve lift is calculated such that 
the detected intake air amount converges to the target 
intake air amount, and the second control value for 
controlling the other of the cam phase and the valve 
lift is calculated based on the first control value. 
Thus, the second control value is calculated based on 
the first control value for causing the intake air 
amount to converge to the target intake air amount, and 
therefore it is possible to calculate the second 
control, value as a value which does not obstruct the 
convergence of the intake air amount to the target 
intake air amount by the first control value. As a 
result, e.g. when the cam phase is controlled by the 
first control value, and the valve lift is controlled 
by the second control value, it is possible to finely 
control the intake air amount by a very small amount of 
change while avoiding interaction between the cam phase 
control and the valve lift control, thereby enhancing 
the accuracy of the control. On the other hand, when 
the valve lift is controlled by the first control value, 
and the cam phase is controlled by the second control 
value, it is possible to reduce dead time in the intake 
air amount control, thereby enhancing the response of 
the intake air amount control, while avoiding 
interaction between the cam phase control and the valve 
lift control; 
[0009] 

The invention as claimed in claim 2 is an intake 
air amount control system 1 as claimed in claim 1, 
wherein the first control value includes a feedback 
control value (master value Lif tin__cmd_ms, Cain_cmd_ms) 
for causing the intake air amount to converge to the 
target intake air amount, and wherein the first control 
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value-calculating means calculates the feedback control 
value with a two-degree-of -freedom control algorithm 
[equations (2) to (7), (10) to (14), (16) to (21), (24) 
to (28)]. 
[0010] 

According to this intake air amount control 
system, the feedback control value included in the 
first control value is calculated with a two-degree-of- 
freedom control algorithm, so that e.g. when a target 
value filter-type two-degree-of-f reedom control 
algorithm is used as the two-degree-of-f reedom control 
algorithm, it is possible to properly set the 
convergence rate of the intake air amount to the target 
intake air amount with a target value filter algorithm, 
and properly set the convergence behavior of the intake 
air amount to the target intake air amount with a 
feedback control algorithm. 
[0011] 

The invention as claimed in claim 3 is an intake 
air amount control system 1 as claimed in claim 1 or 2, 
further comprising control input-calculating means (ECU 
2, valve lift controller 120, cam phase controller 220, 
steps 2 and 3) for calculating a control input (phase 
control input Ucain, lift control input Uliftin) to one 
of the variable cam phase mechanism 7 0 and the variable 
valve lift mechanism 50 according to the first control 
value (target valve lift Liftin_cmd, target cam phase 
Cain_cmd) , and calculating a control input (phase 
control input Ucain, lift control input Uliftin) to the 
other of the variable cam phase mechanism 70 and the 
variable valve lift mechanism 50 according to the 
second control value, and wherein a calculation period 
(control period ATI) at which the first control value- 
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calculating means and the second control value- 
calculating means calculate is set to be longer than a 
calculation period (control period AT2) at which the 
control input-calculating means calculates. 
[0012] 

According to this intake air amount control 
system, a control input to one of the variable cam 
phase mechanism and the variable valve lift mechanism 
is calculated according to the first control value, and 
a control input to the other of the variable cam phase 
mechanism and the variable valve lift mechanism is 
calculated according to the second control value, while 
the calculation period at which the first control 
value-calculating means and the second control value- 
calculating means calculate is set to be longer than 
the calculation period at which the control input- 
calculating means calculates. When the intake air 
amount is controlled by the variable cam phase 
mechanism and the variable valve lift mechanism, 
generally, the response speed of the intake air amount 
is made relatively slower due to the response speeds of 
the variable mechanisms, and hence the calculation 
period at which the first and second control value- 
calculating means calculate is properly set such that 
it is coincident with the above response speeds, 
whereby it is possible to accurately control a 
transitional change in the intake air amount. Further, 
since the calculation period at which the control 
input-calculating means calculates is shorter than the 
calculation period at which the first and second 
control value-calculating means calculate, the control 
inputs to the variable cam phase mechanism and the 
variable valve lift mechanism can be calculated more 
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quickly than the first and second control values. This 
makes it possible to enhance the stability of the 
intake air amount control, and even when the variable 
mechanisms both have a nonlinear characteristic, it is 
possible to suppress the adverse influence of the 
nonlinear characteristic on the intake air amount 
control, thereby making it possible to further enhance 
the stability of the intake air amount control. 
[0013] 

To attain the above object, the invention as 
claimed in claim 4 provides an intake air amount 
control system 1 for an internal combustion engine 3, 
which variably controls a cam phase Cain of an intake 
cam shaft 5 for opening and closing an intake valve 4, 
relative to a crankshaft 3b by a variable cam phase 
mechanism 70, and variably controls a valve lift Liftin 
of the intake valve 4 by a variable valve lift 
mechanism 50, to thereby control an amount of intake 
air drawn into a cylinder of the engine 3, comprising 
target intake air amount-setting means (ECU 2, target 
intake air amount-calculating section 90, steps 20 and 
21) for setting a target intake air amount Gcyl_cmd to 
which the amount of intake air is to be controlled, 
according to a first load parameter (engine speed NE, 
accelerator pedal opening AP) indicative of load on the 
engine, intake air amount-detecting means (ECU 2, air 
flow sensor 22, intake pipe absolute pressure sensor 
23) for detecting the amount of intake air (intake air 
amount, actual intake air amount Gcyl) , first control 
means (ECU 2, first ACTASS controller 100, first slave 
value-calculating section 110, steps 51, 52, 54, 56, 60, 
63, and 64) for controlling the valve lift Liftin such 
that the detected intake air amount (actual intake air 
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amount Gcyl) converges to the target intake air amount 
Gcyl__cmd, and controlling the cam phase Cain with a 
predetermined first control algorithm so as to assist 
the valve lift control, second control means (ECU 2, 
second ACTASS controller 200, second slave value- 
calculating section 210, steps 51, 52, 55, 56, 60, 62, 
and 64) for controlling the cam phase Cain such that 
the detected intake air amount converges to the target 
intake air amount, and controlling the valve lift 
Liftin with a predetermined second control algorithm so 
as to assist the cam phase control, and control 
selection means (ECU 2, master/slave-selecting section 
230, steps 34 to 36, and 39) for selecting one of the 
first control means and the second control means 
according to a second load parameter (target valve lift 
Liftin_cmd, target cam phase Cain__cmd) indicative of 
load on the engine 3, and causing control to be 
executed by the selected one of the first control means 
and the second control means. 
[0014] 

According to this intake air amount control 
system, the target intake air amount-setting means sets 
the target intake air amount to which the amount of 
intake air is to be controlled, according to the first 
load parameter indicative of the load on the engine. 
Further, the first control means controls the valve 
lift such that the detected intake air amount converges 
to the target intake air amount, while controlling the 
cam phase with the predetermined first control 
algorithm so as to assist the valve lift control. Thus, 
the first control means controls the intake air amount 
mainly by the valve lift control, and uses the cam 
phase control for assisting the valve lift control. 
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which makes it possible to avoid interaction between 
the cam phase control and the valve lift control. 
Further, the second control means controls the cam 
phase such that the detected intake air amount 
converges to the target intake air amount, while 
controlling the valve lift with the predetermined 
second control algorithm so as to assist the cam phase 
control. Thus, the second control means controls the 
intake air amount mainly by the cam phase control, and 
uses the valve lift control for assisting the cam phase 
control, which makes it possible to avoid interaction 
between the cam phase control and the valve lift 
control. Furthermore, the control selection means 
selects one of the first control means and the second 
control means according to the second load parameter 
indicative of the load on the engine, and causes 
control to be executed by the selected one of the first 
control means and the second control means. Therefore, 
if the system is configured, for example, such that the 
second control means is selected when the load on the 
engine is low, the cam phase control makes it possible 
to finely control the intake air amount by a very small 
amount of change while avoiding interaction between the 
cam phase control and the valve lift control, thereby 
making it possible to enhance the accuracy of the 
control. On the other hand, if the system is 
configured such that the first control means is 
selected when the load on the engine is high, the valve 
lift control makes it possible to reduce dead time in 
the intake air amount control while avoiding 
interaction between the cam phase control and the valve 
lift control, thereby making it possible to enhance the 
response of the control. 
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[0015] 

The invention as claimed in claim 5 is an intake 
air amount control system 1 as claimed in claim 4, 
wherein the predetermined first control algorithm for 
the first control means is an algorithm (steps 60 and 
64) which controls the cam phase Cain according to a 
state of control of the valve lift (target valve lift 
Liftin_cmd) , and wherein the predetermined second 
control algorithm for the second control means is an 
algorithm (steps 51, 52, and 56) which controls the 
valve lift Liftin according to a state of control of 
the cam phase (target cam phase Cain_cmd) . 
[0016] 

According to this intake air amount control 
system, since the first control means controls the cam 
phase according to a state of control of the valve lift, 
it is possible to control the cam phase such that the 
cam phase does not obstruct the convergence of the 
intake air amount to the target intake air amount by 
the valve lift control, thereby making it possible to 
positively enhance the response of the intake air 
amount control. Further, since the second control 
means controls the valve lift according to a state of 
control of the cam phase, it is possible to control the 
valve lift such that the valve lift does not obstruct 
the convergence of the intake air amount to the target 
intake air amount by the cam phase control, thereby 
making it possible to reliably enhance the accuracy of 
the intake air amount control. 
[0017] 

The invention as claimed in claim 6 is an intake 
air amount control system 1 as claimed in claim 4 or 5, 
wherein the control selection means selects the second 
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control means (step 35) when the load on the engine 3 
indicated by the second load parameter is in a 
predetermined first load region (if the answer to the 
question of the step 34 is negative (NO) or if the 
answer to the question of the step 39 is affirmative 
(YES)), and selects the first control means (step 36) 
when the load on the engine 3 indicated by the second 
load parameter is in a predetermined second load region 
higher than the predetermined first load region (if the 
answer to the question of the step 34 is affirmative 
(YES) or if the answer to the question of the step 39 
is negative (NO) ) . 
[0018] 

According to this intake air amount control 
system, the control selection means selects the second 
control means when the load on the engine is in the 
predetermined first load region, and selects the first 
control means when the load on the engine is in the 
predetermined second load region higher than the 
predetermined first load region. Therefore, during the 
intake air amount control, in a low-load region 
requiring high control accuracy, it is possible to 
properly secure the control accuracy, and in a high- 
load region requiring high responsiveness of the intake 
air amount control, it is possible to properly secure 
the responsiveness . 
[0019] 

The invention as claimed in claim 7 is an intake 
air amount control system 1 as claimed in claim 6, 
wherein the control selection means comprises 
acceleration determining means (ECU 2, step 31) for 
determining whether or not the engine 3 is in an 
accelerating state, load region-determining means (ECU 
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2, steps 34 to 36) for determining that the load on the 
engine 3 is in the predetermined second load region 
when the second load parameter (target cam phase 
Cain_cmd) is smaller than a predetermined threshold 
value Cain_mssw_lmt , while determining that the load on 
the engine 3 is in the predetermined first load region 
when the second load parameter is not smaller than the 
predetermined threshold value, and threshold value- 
setting means (step 32) for setting the predetermined 
threshold value Cain__mssw_lmt to a larger value 
(predetermined acceleration value Cain_msswl) when the 
engine 3 is determined to be in an accelerating state 
by the acceleration determining means (if the answer to 
the question of the step 31 is affirmative (YES)), than 
otherwise . 
[0020] 

According to this intake air amount control 
system, the acceleration determining means determines 
whether or not the engine is in an accelerating state; 
the load region-determining means determines that the 
load on the engine is in the predetermined second load 
region when the second load parameter is smaller than 
the predetermined threshold value, and determines that 
the load on the engine is in the predetermined first 
load region when the second load parameter is not 
smaller than the predetermined threshold value; and the 
threshold value-setting means sets the predetermined 
threshold value to a larger value when the engine is 
determined to be in the accelerating state by the 
acceleration determining means, than otherwise. Thus, 
when the engine is in the accelerating state, i.e. when 
high responsiveness of the intake air amount control is 
required, the load region where the load on the engine 
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is determined to be in the predetermined second load 
region is expanded. This makes it easier to select the 
first control means, whereby it is possible to quickly 
and properly secure high responsiveness of the intake 
air amount control. 
[0021] 

The invention as claimed in claim 8 is an intake 
air amount control system 1 as claimed in claim 6, 
wherein the control selection means comprises 
acceleration determining means (ECU 2, step 50) for 
determining whether or not the engine 3 is in an 
accelerating state, second load parameter-setting means 
(ECU 2f step 51) for setting the second load parameter 
(target valve lift Liftin_cmd) to a larger value when 
the engine 3 is determined to be in the accelerating 
state. by the acceleration determining means (if the 
answer to the question of the step 50 is affirmative 
(YES) ) , than otherwise, and load region-determining 
means (ECU 2, steps 35, 36, and 39) for determining 
that the load on the engine 3 is in the predetermined 
first load region when the set second load parameter 
(target valve lift Liftin_cmd) is not larger than a 
predetermined threshold value Liftin_mssw, while 
determining that the load on the engine 3 is in the 
predetermined second load region when the second load 
parameter is larger than the predetermined threshold 
value Liftin_mssw. 
[0022] 

According to this intake air amount control 
system, the acceleration determining means determines 
whether or not the engine is in an accelerating state, 
and the second load parameter-setting means sets the 
second load parameter to a larger value when the engine 
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is determined to be in the accelerating state by the 
acceleration determining means, than otherwise. 
Further, the load region-determining means determines 
that the load on the engine is in the predetermined 
second load region when the second load parameter is 
larger than a predetermined threshold value, and 
determines that the load on the engine is in the 
predetermined first load region when the second load 
parameter is not larger than the predetermined 
threshold value. Thus, when the engine is in the 
accelerating state, i.e. when high responsiveness of 
the intake air amount control is required, the load 
region where the load on the engine is determined to be 
in the predetermined second load region is expanded. 
This makes it easier to select the first control means, 
whereby it is possible to quickly and properly secure 
high responsiveness of the intake air amount control. 
[0023] 

The invention as claimed in claim 9 is an intake 
air amount control system 1 as claimed in any one of 
claims 4 to 8, wherein each of the first control means 
and the second control means comprises cam phase 
control value-calculating means (ECU 2, step 38) for 
calculating a cam phase control value (target cam phase 
Cain__cmd) for use in controlling the cam phase Cain, 
and valve lift control value-calculating means (ECU 2, 
step 37) for calculating a valve lift control value 
(target valve lift Liftin_cmd) for use in controlling 
the valve lift Liftin, wherein the cam phase control 
value-calculating means calculates the cam phase 
control value (target cam phase Cain_cmd) as a sum of a 
cam phase feedback control value (master value 
Cain__cmd_ms of target cam phase) for causing the intake 
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air amount to converge to the target intake air amount, 
and a cam phase-setting value (slave value Cain_cmd_sl 
of target cam phase) set according to the valve lift 
control value, wherein the valve lift control value- 
calculating means calculates the valve lift control 
value (target valve lift Liftin_cmd) as a sum of a 
valve lift feedback control value (master value 
Lif tin_cmd_ms of target valve lift) for causing the 
intake air amount to converge to the target intake air 
amount, and a valve lift-setting value (slave value 
Lif tin_cmd_sl of target valve lift) set according to 
the cam phase control value, wherein the cam phase 
control value-calculating means of the first control 
means sets the cam phase feedback control value to a 
value of 0 (steps 61 and 63) when the first control 
means is selected by the control selection means, and 
wherein the valve lift control value-calculating means 
of the second control means sets the valve lift 
feedback control value to a value of 0 (steps 53 and 
55) when the second control means is selected by the 
control selection means, 
[0024] 

According to this intake air amount control 
system, a cam phase control value for use in 
controlling the cam phase is calculated as the sum of a 
cam phase feedback control value for causing the intake 
air amount to converge to the target intake air amount, 
and a cam phase-setting value set according to the 
valve lift control value, and a valve lift control 
value for use in controlling the valve lift is 
calculated as the sum of a valve lift feedback control 
value for causing the intake air amount to converge to 
the target intake air amount, and a valve lift-setting 
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value set according to the cam phase control value. 
Further, the cam phase feedback control value is 
calculated as a value of 0 when the first control means 
is selected by the control selection means, and the 
valve lift feedback control value is calculated as a 
value of 0 when the second control means is selected by 
the control selection means. As a result, for example, 
when the first control means has been switched to the 
second control means by the control selection means, 
the cam phase feedback control value before the 
switching has been calculated as a value of 0, so that 
the cam phase feedback control value after the 
switching is calculated with a value of 0 as an initial 
value thereof, whereby it is possible to avoid a sudden 
change in the cam phase control value. Inversely, when 
the second control means has been switched to the first 
control means by the control selection means, the valve 
lift feedback control value before the switching has 
been calculated as a value of 0, so that the valve lift 
feedback control value after the switching is 
calculated with a value of 0 as an initial value 
thereof, whereby it is possible to avoid a sudden 
change in the valve lift control value. As described 
above, when one of the first control means and the 
second control means is switched to the other by the 
control selection means, it is possible to avoid a 
sudden change in the cam phase control value and the 
valve lift control value, thereby making it possible to 
avoid a sudden change in the state of control of the 
intake air amount. As a result, it is possible to 
avoid occurrence of a torque step or the like. 
[0025] 

The invention as claimed in claim 10 is an intake 
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air amount control system 1 as claimed in claim 9, 
wherein the cam phase control value-calculating means 
calculates the cam phase feedback control value (master 
value Cain_cmd_ms of target cam phase) with a two- 
degree-of-f reedom control algorithm [equations (2) to 

(7) and (10) to (14)], and the valve lift control 
value-calculating means calculates the valve lift 
feedback control value (master value Lif tin__cmd_ms of 
target valve lift) with a two-degree-of-f reedom control 
algorithm [equations (16) to (21) and (24) to (28)]. 

[0026] 

According to this intake air amount control 
system, the cam phase feedback control value and the 
valve lift feedback control value are calculated with 
two-degree-of-f reedom control algorithms, and hence e.g 
when target value filter-type two-degree-of-f reedom 
control algorithms are used as the two-degree-of- 
freedom control algorithms, it is possible to properly 
set the convergence rate of the intake air amount to 
the target intake air amount with target value filter 
algorithms, and properly set the convergence behavior 
of the intake air amount to the target intake air 
amount with feedback control algorithms. 
[0027] 

The invention as claimed in claim 11 is an intake 
air amount control system 1 as claimed in claim 9 or 10 
wherein the cam phase control value-calculating means 
sets the cam phase-setting value (slave value 
Cain_cmd_sl of target cam phase) to such a value as 
makes earlier the valve-opening timing of the intake 
valve 4 (step 60) as the valve lift control value 
(target valve lift Liftin_cmd) is such a value as makes 
the valve lift Liftin smaller, and the valve lift 
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control value-calculating means sets the valve lift- 
setting value (slave value Lif tin_cmd__sl of target 
valve lift) to such a value as makes the valve lift 
Liftin smaller (steps 51 and 52) as the cam phase 
control value (target cam phase Cain_cmd) is such a 
value as makes earlier the valve-opening timing of the 
intake valve 4. 
[0028] 

According to this intake air amount control 
system, as the valve lift control value is such a value 
as makes the valve lift smaller, the cam phase-setting 
value is set to such a value as makes earlier the 
valve-opening timing of the intake valve, and hence e.g. 
when the cam phase-setting value is set to such a value 
as makes the valve-opening timing of the intake valve 
earlier than the TDC position at the start of the 
intake stroke, the valve-opening timing of the intake 
valve can be properly controlled such that it is made 
earlier in accordance with the valve lift which is 
controlled to a smaller value as the load on the engine 
is lower to make smaller the target intake air amount. 
More specifically, the direction of control of the 
intake air amount by the cam phase control can be 
matched with the direction of control of the intake air 
amount by the valve lift control, whereby it is 
possible to more positively avoid the cam phase control 
from interacting with the valve lift control. Further, 
as the cam phase control value is such a value as makes 
earlier the valve-opening timing of the intake valve, 
the valve lift-setting value is set to such a value as 
makes the valve lift smaller, and hence as described 
hereinabove, if the cam phase-setting value is set to 
such a value as makes the valve-opening timing of the 
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intake valve earlier than the TDC position at the start 
of the intake stroke, valve lift as well can be 
properly controlled such that it is made smaller in 
accordance with the valve-opening timing of the intake 
valve, which is controlled such that it is made earlier 
as the load on the engine is lower to make smaller the 
target intake air amount. More specifically, the 
direction of control of the intake air amount by the 
valve lift control can be matched with the direction of 
control of the intake air amount by the cam phase 
control, whereby it is possible to more positively 
avoid the valve lift control from interacting with the 
cam phase control. Further, although as the valve- 
opening timing of the intake valve is made earlier (i.e. 
more advanced) , the internal EGR amount is increased to 
decrease the combustion speed, by controlling the valve 
lift to a smaller value to increase the fluidity of the 
mixture within the cylinder, it is possible to 
compensate for the decrease in the combustion speed to 
attain stable combustion. Furthermore, when the valve- 
opening timing of the intake valve is more advanced, 
the valve lift is controlled such that it is 
necessarily made smaller, and hence when the intake air 
amount control system is applied to an engine 
configured such that an intake valve and an exhaust 
valve thereof are brought into abutment with each other 
when they are simultaneously opened, it is possible to 
reliably avoid the above abutment. 
[0029] 

The invention as claimed in claim 12 is an intake 
air amount control system 1 as claimed in any one of 
claims 9 to 11, further comprising control input- 
calculating means (ECU 2, valve lift controller 120, 
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cam phase controller 220) for calculating a control 
input (phase control input Ucain) to the variable cam 
phase mechanism 70 according to the cam phase control 
value (target cam phase Cain__cmd) , and calculating a 
control input (lift control input Uliftin) to the 
variable valve lift mechanism 50 according to the valve 
lift control value (target valve lift Liftin_cmd) , and 
wherein a calculation period (control period ATI) at 
which the cam phase control value-calculating means and 
the valve lift control value-calculating means 
calculates is set to be longer than a calculation 
period (control period AT2) at which the control 
input-calculating means calculates. 
[0030] 

According to this intake air amount control 
system, a control input to the variable cam phase 
mechanism is calculated according to the cam phase 
control value, and a control input to the variable 
valve lift mechanism is calculated according to the 
valve lift control value, while the calculation period 
at which the cam phase control value-calculating means 
and the valve lift control value-calculating means 
calculate is set to be longer than the calculation 
period at which the above control inputs are calculated. 
As described above, when the intake air amount is 
controlled by the variable cam phase mechanism and the 
variable valve lift mechanism, generally, the response 
speed of the intake air amount is made relatively 
slower due to the response speeds of the variable 
mechanisms, and hence the calculation period at which 
the cam phase control value-calculating means and the 
valve lift control value-calculating means calculate is 
properly set such that it is coincident with the above 
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response speeds, whereby it is possible to accurately 
control a transitional change in the intake air amount. 
Further, since the calculation period at which the 
control input-calculating means calculates is shorter 
than the calculation period at which the first and 
second control value-calculating means calculate, the 
control inputs to the variable cam phase mechanism and 
the variable valve lift mechanism can be calculated 
more quickly than the cam phase control value and the 
valve lift control value. This makes it possible to 
enhance the stability of the intake air amount control, 
and even when the variable mechanisms both have a 
nonlinear characteristic, it is possible to suppress 
the adverse influence of the nonlinear characteristics 
on the intake air amount control, thereby making it 
possible to further enhance the stability of the intake 
air amount control. 

[Brief Description of the Drawings] 
[0031] 
[FIG. 1] 

FIG. 1 is a diagram schematically showing the 
arrangement of an internal combustion engine to which 
is applied an intake air amount control system 
according to an embodiment of the present invention; 
[FIG. 2] 

FIG. 2 is a block diagram schematically showing 
the configuration of the intake air amount control 
system; 
[FIG. 3] 

FIG. 3 is a cross-sectional view schematically 
showing the arrangement of a variable intake valve- 
actuating mechanism and an exhaust valve-actuating 
mechanism of the engine; 
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[FIG. 4] 

FIG. 4 is a cross-sectional view schematically 
showing the construction of a variable valve lift 
mechanism of the variable intake valve-actuating 
mechanism; 
[FIG. 5] 

FIG. 5(a) is a diagram showing a lift actuator in 
a state in which a short arm thereof is in a maximum 
lift position, and FIG. 5(b) is a diagram showing the 
lift actuator in a state in which the short arm thereof 
is in a minimum lift position; 
[FIG. 6] 

FIG. 6(a) is a diagram showing an intake valve 
placed in a closed state when a lower link of the 
variable valve lift mechanism is in a maximum lift 
position, and FIG. 6(b) is a diagram showing the intake 
valve placed in an open state at a maximum lift; 
[FIG. 7] 

FIG. 7(a) is a diagram showing the intake valve 
placed in a closed state when the lower link of the 
variable valve lift mechanism is in a minimum lift 
position, and FIG. 7(b) is a diagram showing the intake 
valve placed in an open state at a maximum lift; 
[FIG. 8] 

FIG. 8 is a diagram showing a valve lift curve 
which the valve lift of the intake valve assumes when 
the lower link of the variable valve lift mechanism is 
in the maximum lift position, and a valve lift curve 
which the valve lift of the intake valve assumes when 
the lower link of the variable valve lift mechanism is 
in the minimum lift position; 
[FIG. 9] 

FIG. 9 is a cross-sectional view schematically 
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showing the arrangement of a variable cam phase 
mechanism; 
[FIG. 10] 

FIG. 10 is a schematic diagram of a planetary 
gear unit taken on line A-A of FIG. 9; 
[FIG. 11] 

FIG. 11 is a schematic diagram of an 
electromagnetic brake taken on line B-B of FIG. 9; 
[FIG. 12] 

FIG. 12 is a characteristic curve indicative of 
an operating characteristic of the variable cam phase 
mechanism; 
[FIG. 13] 

FIG. 13 is a characteristic curve indicative of 
an operating characteristic of a solenoid of the 
variable cam phase mechanism; 
[FIG. 14] 

FIG. 14 is a diagram showing an example of a cam 
phase-changing operation carried out by the variable 
cam phase mechanism; 
[FIG. 15] 

FIG. 15 is a diagram which is useful in 
explaining changes in an intake air amount caused by 
changes in the valve lift alone; 
[FIG. 16] 

FIG. 16 is a diagram which is useful in 
explaining changes in the intake air amount caused by 
changes in the cam phase alone; 
[FIG. 17] 

FIG. 17 is a functional block diagram 
schematically showing the configuration of the intake 
air amount control system 
[FIG. 18] 
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FIG. 18 is a block diagram schematically showing 
the configuration of a first ACTASS controller; 
[FIG. 19] 

FIG. 19 is a diagram showing an algorithm for 
calculating an actual intake air amount Gcyl, control 
algorithms for a target value filter and a sliding mode 
controller of the first ACTASS controller, and a plant 
model for use in deriving the control algorithm for the 
sliding mode controller; 
[FIG. 20] 

FIG. 20 is a diagram showing a control algorithm 
for an adaptive disturbance observer of the first 
ACTASS controller; 
[FIG. 21] 

FIG. 21 is a timing diagram useful in explaining 
controllability of the first ACTASS controller; 
[FIG. 22] 

FIG. 22 is a block diagram schematically showing 
the configuration of a second ACTASS controller; 
[FIG. 23] 

FIG. 23 is a diagram showing control algorithms 
for a target value filter and a sliding mode controller 
of the second ACTASS controller, and a plant model for 
use in deriving the control algorithm for the sliding 
mode controller; 
[FIG. 24] 

FIG. 24 is a diagram showing a control algorithm 
for an adaptive disturbance observer of the second 
ACTASS controller; 
[FIG. 25] 

FIG. 25 is a block diagram schematically showing 
the configuration of a valve lift controller; 
[FIG. 26] 
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FIG. 26 is a diagram showing a state-predicting 
algorithm for a state predictor of the valve lift 
controller and equations for deriving the state- 
predicting algorithm; 
[FIG. 27] 

FIG. 27 is a diagram showing an identification 
algorithm for an onboard identifier of the valve lift 
controller; 
[FIG. 28] 

FIG. 28 is a diagram showing a control algorithm 
for a two-degree-of-f reedom sliding mode controller of 
the valve lift controller; 
[FIG. 29] 

FIG. 29 is a block diagram schematically showing 
the configuration of a cam phase controller; 
[FIG. 30] 

FIG. 30 is a diagram showing a state-predicting 
algorithm for a state predictor of the cam phase 
controller and equations for deriving the state- 
predicting algorithm; 
[FIG. 31] 

FIG. 31 is a diagram showing an identification 
algorithm for an onboard identifier of the cam phase 
controller; 
[FIG. 32] 

FIG. 32 is a diagram showing a control algorithm 
for a two-degree-of-f reedom sliding mode controller of 
the cam phase controller; 
[FIG. 33] 

FIG. 33 is a flowchart showing a main control 
process of an engine control process; 
[FIG. 34] 

FIG. 34 is a flowchart showing details of an 
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intake air amount control process; 
[FIG. 35] 

FIG. 35 is a diagram showing an example of a 
table for use in calculation of a start-time value of a 
target intake air amount; 
[FIG. 36] 

FIG. 36 is a diagram showing an example of a map 
for use in calculation of a catalyst warmup value of 
the target intake air amount; 
[FIG. 37] 

FIG. 37 is a diagram showing an example of a map 
for use in calculation of a normal operation value of 
the target intake air amount; 
[FIG. 38] 

FIG. 38 is a flowchart showing details of a lift 
& phase control process; 
[FIG. 39] 

FIG. 39 is a flowchart showing details of a 
process for calculating a target valve lift; 
[FIG. 40] 

FIG. 40 is a diagram showing an example of an 
acceleration-time table for use in calculation of a 
slave value of the target valve lift; 
[FIG. 41] 

FIG. 41 is a diagram showing an example of a non- 
acceleration-time table for use in calculation of the 
slave value of the target valve lift; 
[FIG. 42] 

FIG. 42 is a flowchart showing details of a 
process for calculating a target cam phase; 
[FIG. 43] 

FIG. 4 3 is a diagram showing an example of a 
table for use in calculation of a slave value of the 
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target cam phase; 
[FIG. 44] 

FIG. 44 is a flowchart showing details of a 
process for calculating a lift control input; 
[FIG. 45] 

FIG. 45 is a diagram showing an example of a 
table for use in calculation of a target value filter- 
setting parameter in the process for calculating the 
lift control input; 
[FIG. 46] 

FIG. 46 is a flowchart showing details of a 
process for calculating a phase control input; 
[FIG. 47] 

FIG. 47 is a diagram showing an example of a 
table for use in calculation of a target value filter- 
setting parameter in the process for calculating the 
phase control input; 
[FIG. 48] 

FIG. 48 is a flowchart showing details of an 
ignition timing control process; 
[FIG. 49] 

FIG. 4 9 is a diagram showing a control algorithm 
for use in calculation of a catalyst warmup value and a 
failure-time value of ignition timing; 
[FIG. 50] 

FIG. 50 is a diagram showing an example of a map 
for use in calculation of a normal operation value of 
the ignition timing; 
[FIG. 51] 

FIG. 51 is a diagram showing a variation of a 
control algorithm for the first ACTASS controller; 
[FIG. 52] 

FIG. 52 is a diagram showing a variation of a 
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control algorithm for the second ACTASS controller; and 
[FIG. 53] 

FIG. 53 is a timing diagram showing an example of 
control operations executed when the intake air amount 
is. controlled by the variations of the control 
algorithms for the first and second ACTASS controllers, 
shown in FIGS. 51 and 52. 

[Best Mode for Carrying Out the Invention] 
[0032] 

Hereafter, an intake air amount control system 
for an internal combustion engine, according to an 
embodiment of the present invention will be described 
with reference to the drawings. The intake air amount 
control system 1 includes an ECU 2, as shown in FIG. 2. 
As described hereinafter, the ECU 2 carries out control 
processes, including an intake air amount control 
process, depending on operating conditions of the 
internal combustion engine (hereinafter simply referred 
to as ^^the engine") 3. 
[0033] 

The engine 3 is an in-line four-cylinder gasoline 
engine (only one cylinder is shown) installed on a 
vehicle, not shown. Referring to FIGS. 1 and 3, the 
engine 3 includes an intake valve 4 and an exhaust 
valve 7 provided for each cylinder, for opening and 
closing an intake port and an exhaust port thereof, 
respectively, an intake camshaft 5 and intake cams 6 
for actuating the intake valves 4, a variable intake 
valve-actuating mechanism 40 that actuates the intake 
valves 4 to open and close the same, an exhaust 
camshaft 8 and exhaust cams 9 for actuating the exhaust 
valves 7, an exhaust valve-actuating mechanism 80 that 
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actuates the exhaust valves 7 to open and close the 

same, and so forth. 

[0034] 

The intake valve 4 has a stem 4a thereof slidably 
fitted in a guide 4b, The guide 4b is rigidly fixed to 
a cylinder head 3a. Further, as shown in FIG. 4, the 
intake valve 4 includes upper and lower spring sheets 
4c and 4d, and a valve spring 4e disposed therebetween, 
and is urged by the valve spring 4e in the valve- 
closing direction. 
[0035] 

Further, the intake camshaft 5 and the exhaust 
camshaft 8 are rotatably mounted through the cylinder 
head 3a via holders, not shown. The intake camshaft 5 
has a sprocket 5a (see FIG. 9) coaxially and rotatably 
fitted thereon. The sprocket 5a is connected to a 
crankshaft 3b via a timing belt, not shown, and 
connected to the intake camshaft 5 via a variable cam 
phase mechanism 70, described hereinafter. With the 
above configuration, the intake camshaft 5 performs one 
rotation per two rotations of the crankshaft 3b. 
Further, the intake cam 6 is provided on the intake 
camshaft 5 for each cylinder such that the intake cam 6 
rotates in unison with the intake camshaft 5. 
[0036] 

Furthermore, the variable intake valve-actuating 
mechanism 4 0 is provided for actuating the intake valve 
4 of each cylinder so as to open and close the same, in 
accordance with rotation of the intake camshaft 5, and 
changing the lift and the valve timings of the intake 
valve 4, which will be described in detail hereinafter. 
It should be noted that in the present embodiment, ^^the 
lift of the intake valve 4" represents the maximum lift 
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of the intake valve 4 . 
[0037] 

On the other hand, the exhaust valve 7 has a stem 
7a thereof slidably fitted in a guide 7b. The guide 7b 
is rigidly fixed to the cylinder head 3a. Further, the 
exhaust valve 7 includes upper and lower spring sheets 
7c and 7d, and a valve spring 7e disposed therebetween, 
and is urged by the valve spring 7e in the valve- 
closing direction. 
[0038] 

Further, the exhaust camshaft 8 has a sprocket 
(not shown) integrally formed therewith, and is 
connected to the crankshaft 3b by the sprocket and a 
timing belt, not shown, whereby the exhaust camshaft 8 
performs one rotation per two rotations of the 
crankshaft 3b. Further, the exhaust cam 9 is provided 
on the exhaust camshaft 8 for each cylinder such that 
the exhaust cam 9 rotates- in unison with the exhaust 
camshaft 8 . 
[0039] 

Further, the exhaust valve-actuating mechanism 80 
includes exhaust rocker arms 81. Each exhaust rocker 
arms 81 is pivotally moved in accordance with rotation 
of the associated exhaust cam 9 to thereby actuate the 
exhaust valve 7 for opening and closing the same 
against the urging force of the valve spring 7e. 
[0040] 

On the other hand, the engine 3 is provided with 
a crank angle sensor 20 and an engine coolant 
temperature sensor 21. The crank angle sensor 20 
delivers a CRK signal and a TDC signal, which are both 
pulse signals, to the ECU 2 in accordance with rotation 
of the crankshaft 3b. Each pulse of the CRK signal is 
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generated whenever the crankshaft 3b rotates through a 
predetermined angle (e.g. 30 degrees). The ECU 2 
calculates the rotational speed NE of the engine 3 
(hereinafter referred to as ''the engine speed NE'') 
based on the CRK signal. Further, the TDC signal 
indicates that each piston 3c in the associated 
cylinder is in a predetermined crank angle position 
slightly before the TDC position at the start of the 
intake stroke, and each pulse of the TDC signal is 
generated whenever the crankshaft 3b rotates through a 
predetermined crank angle. It should be noted that in 
the present embodiment, the engine speed NE corresponds 
to a load parameter and a first load parameter. 
[0041] 

On the other hand, the engine coolant temperature 
sensor 21 is implemented e.g. by a thermistor mounted 
in a cylinder block 3d of the engine 3, and detects ah 
engine coolant temperature TW, which is the temperature 
of an engine coolant circulating through the cylinder 
block 3d of the engine 3, to deliver a signal 
indicative of the sensed engine coolant temperature TW 
to the ECU 2. 
[0042] 

Further, in an intake pipe 10 of the engine 3, 
there are arranged an air flow sensor 22, a throttle 
valve mechanism 11, an intake pipe absolute pressure 
sensor 23, a fuel injection valve 12, and so forth, 
from upstream to downstream in the mentioned order at 
respective locations of the intake pipe 10. 
[0043] 

The air flow sensor 22 (intake air amount- 
detecting means) is formed by a hot-wire air flow meter, 
for detecting an amount Gth of intake air (hereinafter 
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referred to as ^^the TH passing intake air amount Gth") 
flowing through the throttle valve 11a, described 
hereinafter, and delivering a signal indicative of the 
sensed TH passing intake air amount Gth to the ECU 2. 
[0044] 

The throttle valve mechanism 11 includes a 
throttle valve 11a, and a TH actuator lib that actuates 
the throttle valve 11a to open and close the same. The 
throttle valve 11a is pivotally disposed across an 
intermediate portion of the intake pipe 10 such that 
the degree of opening thereof is changed by the pivotal 
motion thereof to thereby change the TH passing intake 
air amount Gth. The TH actuator lib is implemented by 
a combination of a motor, not shown, connected to the 
ECU 2, and a gear mechanism, not shown, and driven by a 
control input from the ECU 2 to thereby change the 
degree of opening of the throttle valve 11a. 
[0045] 

The ECU 2 holds the throttle valve 11a in a 
fully-open state during normal operation of the engine 
3, and controls the degree of opening of the throttle 
valve 11a when the variable intake valve-actuating 
mechanism 4 0 is faulty, or when negative pressure is 
supplied to a master back (not shown) . 
[0046] 

Further, a portion of the intake pipe 10 
downstream of the throttle valve 11a forms a surge tank 
10a into which is inserted an intake pipe absolute 
pressure sensor 23. The intake pipe absolute pressure 
sensor 23 (intake air amount-detecting means) is 
implemented e.g. by a semiconductor pressure sensor, 
and detects an absolute pressure PBA in the intake pipe 
10 (hereinafter referred to as ''the intake pipe 
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absolute pressure PBA''), to deliver a signal indicative 
of the sensed intake pipe absolute pressure PBA to the 
ECU 2. 
[0047] 

The fuel injection valve 12 is driven by an input 
signal indicative of a fuel injection amount TOUT, 
supplied from the ECU 2, and injects fuel into the 
intake pipe 10. 
[0048] 

On the other hand, arranged in the exhaust pipe 
15 of the engine 3 are a first catalytic device 16a. and 
a second catalytic device 16b from upstream to 
downstream in the mentioned order at respective 
locations of the exhaust pipe 15. NOx, HC, CO, and so 
forth in exhaust gases are reduced by the catalytic 
devices 16a and 16b. 
[0049] 

An oxygen concentration sensor (hereinafter 
referred to as ^'the 02 sensor") 25 is inserted into the 
exhaust pipe 15 between the first and second catalytic 
devices 16a and 16b. The 02 sensor 25 is comprised of 
a zirconia layer and platinum electrodes, and detects 
the concentration of oxygen contained in exhaust gases 
downstream of the first catalytic device 16a, to 
deliver a signal indicative of the detected oxygen 
concentration to the ECU 2. 
[0050] 

Further, a LAF sensor 24 is mounted at a location 
upstream of the first catalytic device 16a of the 
exhaust pipe 15. The LAF sensor 24 is formed by 
combining a sensor similar to the 02 sensor 25 and a 
detection circuit, such as a linearizer, and detects 
the concentration of oxygen contained in exhaust gases 
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linearly over a wide range of the air-fuel ratio 
ranging from a rich region to a lean region, thereby 
delivering a detection signal proportional to the 
sensed oxygen concentration to the ECU 2. The ECU 2 
carries out air-fuel ratio control based on the 
detection signals delivered from the LAF sensor 24 and 
the 02 sensor 25. 
[0051] 

Furthermore, spark plugs 13 (see FIG. 2) are 
mounted through respective cylinder heads 3e of the 
engine 3. Each spark plug 13 is connected to the ECU 2. 
When the spark plug 13 has a high voltage applied 
thereto based on a signal from the ECU 2 in timing 
corresponding to ignition timing Iglog, the spark plug 
13 causes a spark discharge, thereby burning a mixture 
within a combustion chamber. 
[0052] 

Next, a description will be given of the 
aforementioned variable intake valve-actuating 
mechanism 40. As shown in FIG. 4, the variable intake 
valve-actuating mechanism 40 is comprised of the intake 
camshaft 5, the intake cams 6, a variable valve lift 
mechanism 50, and the variable cam phase mechanism 70. 
[0053] 

The variable valve lift mechanism 50 is provided 
for actuating the intake valves 4 to open and close the 
same, in accordance with rotation of the intake 
camshaft 5, and continuously changing the valve lift 
Liftin within a predetermined range (between a maximum 
value Liftinmax and a minimum value Liftinmin, 
described hereinafter) . The variable valve lift 
mechanism 50 is comprised of rocker arm mechanisms 51 
of a four joint link type, provided for the respective 
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cylinders, and a lift actuator 60 simultaneously 
actuating these rocker arm mechanisms 51. 
[0054] 

Each rocker arm mechanism 51 is comprised of a 
rocker arm 52, and upper and lower links 53 and 54. 
The upper link 53 has one end pivotally mounted to an 
upper end of the rocker arm 52 by an upper pin 55, and 
the other end pivotally mounted to a rocker arm shaft 
56. The rocker arm shaft 56 is mounted through the 
cylinder head 3c via holders, not shown. 
[0055] 

Further, a roller 57 is pivotally disposed on the 
upper pin 55 of the rocker arm 52. The roller 57 is in 
contact with a cam surface of the intake cam 6. As the 
intake cam 6 rotates, the roller 57 rolls on the intake 
cam 6 while being guided by the cam surface of the 
intake cam 6. As a result, the rocker arm 52 is 
vertically driven, and the upper link 53 is pivotally 
moved about the rocker arm shaft 56. 
[0056] 

Furthermore, an adjusting bolt 52a is mounted to 
an end of the rocker arm 52 toward the intake valve 4. 
When intake valve 4 is in a closed state, the adjusting 
bolt 52a has a predetermined valve clearance between a 
lower end face thereof and an upper end face of the 
stem 4a of the intake valve 4, and when the rocker arm 
52 is vertically moved in accordance with rotation of 
the intake cam 6, the adjusting bolt 52a vertically 
drives the stem 4a to open and close the intake valve 4, 
against the urging force of the valve spring 4e. 
[0057] 

Further, the lower link 54 has one end pivotally 
mounted to a lower end of the rocker arm 52 by a lower 
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pin 58, and the other end of the lower link 54 has a 
connection pin 59 pivotally mounted thereto. The lower 
link 54 is connected to a short arm 65, described 
hereinafter, of the lift actuator 60 by the connection 
pin 59. 
[0058] 

On the other hand, as shown in FIG. 5, the lift 
actuator 60 is comprised of a motor 61, a nut 62, a 
link 63, a long arm 64, and the short arm 65. The 
motor 61 is connected to the ECU 2 (see FIG. 2), and 
disposed outside a head cover 3e of the engine 3. The 
rotational shaft of the motor 61 is a screw shaft 61a 
formed with a male screw and the nut 62 is screwed onto 
the screw shaft 61a. The nut 62 is connected to the 
long arm 64 by the link 63. The link 63 has one end 
pivotally mounted to the nut 62 by a pin 63a, and the 
other end pivotally mounted to one end of the long arm 
64 by a pin 63b. 
[0059] 

Further, the other end of the long arm 64 is 
attached to one end of the short arm 65 by a pivot 
shaft 66. The pivot shaft 66 is circular in cross- 
section, and extends through the head cover 3e of the 
engine 3 such that it is pivotally supported by the 
head cover 3e. The long arm 64 and the short arm 65 
are pivotally moved in unison with the pivot shaft 66 
in accordance with pivotal motion of the pivot shaft 66. 
[0060] 

Furthermore, the aforementioned connection pin 59 
pivotally extends through the other end of the short 
arm 65, whereby the short arm 65 is connected to the 
lower link 54 by the connection pin 59. 
[0061] 
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Next, a description will be given of the 
operation of the variable valve lift mechanism 50 
configured as above. In the variable valve lift 
mechanism 50, when a lift control input Uliftin, 
described hereinafter, is input from the ECU 2 to the 
motor 61 of the lift actuator 60, the screw shaft 61a 
rotates, and the nut 62 is moved in accordance with the 
rotation of the screw shaft 61a, whereby the long arm 
64 and the short arm 65 are pivotally moved about the 
pivot shaft 66, and in accordance with the pivotal 
motion of the short arm 65, the lower link 54 of the 
rocker arm mechanism 51 is pivotally moved about the 
lower pin 58. That is, the lower link 54 is driven by 
the lift actuator 60. 
[0062] 

In the process, under the feedback control of the 
ECU 2, the range of pivotal motion of the short arm 65 
is restricted between a maximum lift position shown in 
FIG. 5(a) and a minimum lift position shown in FIG. 
5 (b) , whereby the range of pivotal motion of the lower 
link 54 is also restricted between a maximum lift 
position indicated by a solid line in FIG. 4 and a 
minimum lift position indicated by a two-dot chain line 
in FIG. 4. 
[0063] 

The four joint link formed by the rocker arm 
shaft 56, the upper and lower pins 55 and 58, and the 
connection pin 59 is configured such that when the 
lower link 54 is in the maximum lift position, the 
distance between the center of the upper pin 55 and the 
center of the lower pin 58 becomes shorter than the 
distance between the center of the rocker arm shaft 56 
and the center of the connection pin 59, whereby as 
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shown in FIG. 6, when the intake cam 6 rotates, the 
amount of movement of the adjusting bolt 52a becomes 
larger than the amount of movement of a contact point 
where the intake cam 6 and the roller 57 are in contact 
with each other. 
[0064] 

On the other hand, the four joint link is 
configured such that when the lower link 54 is in the 
minimum lift position, the distance between the center 
of the upper pin 55 and the center of the lower pin 58 
becomes longer than the distance between the center of 
the rocker arm shaft 56 and the center of the 
connection pin 59, whereby as shown in FIGS. 7(a) and 
7(b), when the intake cam 6 rotates, the amount of 
movement of the adjusting bolt 52a becomes smaller than 
the amount of movement of the contact point where the 
intake cam 6 and the roller 57 are in contact with each 
other. 
[0065] 

For the above reason, when the lower link 54 is 
in the maximum lift position, the intake valve 4 is 
opened with a larger valve lift Liftin than when the 
lower link 54 is in the minimum lift position. More 
specifically, during rotation of the intake cam 6, when 
the lower link 54 is in the maximum lift position, the 
intake valve 4 is opened according to a valve lift 
curve indicated by a solid line in FIG. 8, and the 
valve lift Liftin assumes its maximum value Liftinmax. 
On the other hand, when the lower link 54 is in the 
minimum lift position, the intake valve 4 is opened 
according to a valve lift curve indicated by a two-dot 
chain line in FIG. 8, and the valve lift Liftin assumes 
its minimum value Liftinmin. It should be noted that 
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in FIG. 8, the horizontal axis represents the cam phase 
which is the rotational angle of the intake camshaft 5. 
[0066] 

Therefore, in the variable valve lift mechanism 
50, the lower link 54 is pivotally moved by the motor 
61 between the maximum lift position and the minimum 
lift position, whereby it is possible to continuously 
change the valve lift Liftin of the intake valve 4 
between the maximum value Liftinmax and the minimum 
value Liftinmin. It should be noted that as shown in 
FIG. 8, the valve-opening timing of the intake valve 4 
becomes more retarded when the valve lift Liftin 
assumes its minimum value Liftinmin than when it 
assumes its maximum value Liftinmax. This is because 
the gradient of rise of the valve lift curve becomes 
smaller as the valve lift Liftin is smaller, so that 
the start of opening of the intake valve 4 is retarded 
by the influence of the valve clearance. 
[0067] 

The engine 3 is provided with a pivot angle 
sensor 26 (see FIG. 2) . The pivot angle sensor 26 
detects a pivot angle of the pivot shaft 66, i.e. the 
short arm 65, and delivers a signal indicative of the 
sensed pivot angle to the ECU 2. The ECU 2 calculates 
the valve lift Liftin of the intake valve 4 based on 
the signal output from pivot angle sensor 25. 
[0068] 

Next, a description will be given of the 
aforementioned variable cam phase mechanism 70. The 
variable cam phase mechanism 70 is of an 
electromagnetic type, and as described hereinbelow, 
provided for continuously changing a phase Cain of the 
intake cam 6, i.e. the intake camshaft 5, with respect 
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to the crankshaft 3b (hereinafter referred to as ^^the 
cam phase Cain'') within a predetermined range (range 
between a most retarded value Cainrt and a most 
advanced value Cainad, described hereinafter) by an 
electromagnetic force Fsol, to thereby continuously 
change the valve timing of the intake valve 4. As 
shown in FIGS. 9 to 11, the variable cam phase 
mechanism 70 includes a planetary gear unit 71 and an 
electromagnetic brake 72. 
[0069] 

The planetary gear unit 71 transmits rotation 
between the intake camshaft 5 and the sprocket 5a, and 
is comprised of a ring gear 71a, three planetary pinion 
gears 71b, a sun gear 71c, and a planetary carrier 71d. 
The ring gear 71a is connected to an outer casing 73, 
referred to hereinafter, of the electromagnetic brake 
72, and rotated coaxially in unison with the outer 
casing 73. Further, the sun gear 71c is coaxially 
attached to a foremost end of the intake camshaft 5 for 
rotation in unison therewith. 
[0070] 

On the other hand, the planetary carrier 71d has 
a generally triangular shape in cross-section, and 
includes shafts 71e protruding from the three corners 
thereof- The planetary carrier 71d is connected to the 
sprocket 5a via these shafts 71e, such that it rotates 
coaxially in unison with the sprocket 5a. 
[0071] 

Further, each planetary pinion gear 71b is 
rotatably supported on an associated one of the shafts 
71e of the planetary carrier 71d, and is disposed 
between the sung gear 71c and the ring gear 71a, in 
constant mesh with these gears. 
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[0072] 

Further, the electromagnetic brake 72, referred 
to hereinbefore, is comprised of an outer casing 73, a 
core 74, a solenoid 75, and a return spring 76- The 
outer casing 73 is formed to be hollow, and the core 74 
is disposed therein in a manner rotatable relative to 
the outer casing 73. The core 74 is comprised of a 
root portion 74a circular in cross-section, and two 
arms 74b and 74b extending radially from the root 
portion 74a. The core 74 has its root portion 74a 
mounted on the planetary carrier 71d for coaxial 
rotation in unison with the planetary carrier 71d. 
[0073] 

On the other hand, on the inner peripheral 
surface of the outer casing 73, there are provided two 
pairs of stoppers 73a and 73b, at spaced intervals, 
each pair formed by a stopper 73a defining the most 
retarded position and a stopper 73b defining the most 
advanced position. The arms 74b of the core 74 are 
disposed between the respective pairs of stoppers 73a 
and 73b, whereby the core 74 is rotatable relative to 
the outer casing 73 between the most retarded position 
(indicated by solid lines in FIG. 11) in which the arms 
74b are brought into contact with the most retarded 
position stoppers 73a and stopped thereat, and the most 
advanced position (indicated by two-dot chain lines in 
FIG. 11) in which the arms 74b are brought into contact 
with the most advanced position stoppers73b and stopped 
thereat . 
[0074] 

Further, the return spring 7 6 is interposed in a 
compressed state between one of the most advanced 
position stoppers 7 3b and the opposed one of the arms 
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74b, and the urging force of the return spring 7 6 urges 
the arms 74b toward the most retarded position stoppers 
73a. 
[0075] 

On the other hand, the solenoid 75 is attached to 
one of the most advanced position stoppers 7 3b on a 
side opposite to the return spring 76, such that it is 
flush with an end of the most advanced position stopper 
73b opposed to the arm 74b. The solenoid 75 is 
electrically connected to the ECU 2, and when the 
solenoid 75 is energized by a phase control input Ucain 
(voltage signal) from the ECU 2, the electromagnetic 
force Fsol thereof attracts the opposed one of the arms 
74b against the urging force of the return spring 76 to 
pivotally move the same toward the most advanced 
position stopper 73b. 
[0076] 

A description will be given of the operation of 
the variable cam phase mechanism 70 constructed as 
described above. In the variable cam phase mechanism 
70, when the solenoid 75 of the electromagnetic brake 
72 is not energized, the core 74 is held by the urging 
force of the return spring 7 6 at the most retarded 
position in which the arm 74b abuts the most retarded 
position stopper 73a, whereby the cam phase Cain is 
held at the most retarded value Cainrt (see FIG. 12) . 
[0077] 

In this state, as the sprocket 5a rotates in a 
direction indicated by an arrow Yl in FIG. 11, the 
planetary carrier 71d and the ring gear 71a rotate in 
unison therewith, whereby the planetary pinion gears 
71b are inhibited from rotation but the sun gear 71c 
rotates in unison with the planetary carrier 71d and 
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the ring gear 71a. That is, the sprocket 5a and the 

intake camshaft 5 rotate in unison. 

[0078] 

Further, in a state in which the core 74 is held 
at the most retarded position, if the solenoid 75 is 
energized by the phase control input Ucain from the ECU 
2, the arm 74b of the core 74 is attracted by the 
electromagnetic force Fsol of the solenoid 7 5 toward 
the most advanced position stopper 73b, i.e. toward the 
most advanced position, against the urging force of the 
return spring 76, to be pivotally moved to a position 
where the electromagnetic force Fsol and the urging 
force are balanced with each other. In other words, 
the outer casing 73 rotates relative to the core 74 in 
a direction opposite to the direction indicated by the 
arrow Yl. 
[0079] 

This causes the ring gear 71a to rotate relative 
to the planetary carrier 71d in a direction indicated 
by an arrow Y2 in FIG. 10, and along therewith, the 
planetary pinion gears 71b rotate in a direction 
indicated by an arrow Y3 in FIG. 10, whereby the sun 
gear 71c rotates in a direction indicated by an arrow 
Y4 in FIG. 10. As a result, the intake camshaft 5 
rotates relative to the sprocket 5a in the direction of 
the rotation of the sprocket 5a (i.e. a direction 
opposite to the direction indicated by the arrow Y2 in 
FIG. 10), whereby the cam phase Cain is advanced. 
[0080] 

In this case, the pivotal motion of the outer 
casing 73 is transmitted to the intake camshaft 5 via 
the ring gear 71a, the planetary pinion gears 71b, and 
the sun gear 71c, and therefore the speed-increasing 
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action of the planetary gear unit 70 causes the intake 
camshaft 5 to rotate relative to the sprocket 5a by an 
amplified or increased amount of angle of rotation of 
the outer casing 73. That is, the amount of advance of 
the cam phase Cain of the intake cam 6 is configured to 
be equal to an amplified value of angle of rotation of 
the outer casing 73. This is because the 
electromagnetic force Fsol of the solenoid 75 has a 
limit beyond which it is not effective, and hence it is 
necessary to cause the cam phase Cain to vary through a 
wider range by compensating for the limit. 
[0081] 

During the above-described operation of the 
variable cam phase mechanism 70, as shown in FIG. 12, 
the cam phase Cain is continuously varied by the phase 
control input Ucain to the solenoid 75 between the most 
retarded value Cainrt (0** ) and the most advanced value 
Cainad (e.g. 55° ), and a solid curve indicative of 
values of the cam phase Cain assumed when the phase 
control input Ucain is increasing, and a broken line 
indicative of values of the cam phase assumed when the 
phase control input Ucain is decreasing are different 
from each other, i.e. the cam phase Cain exhibits a 
hysteresis characteristic. This is due to the fact 
that the solenoid 75 has the characteristic that the 
electromagnetic force Fsol generated by the solenoid 75 
is slow in rising when the solenoid 75 is energized by 
the phase control input Ucain at the start of operation 
thereof, as shown in FIG. 13. 
[0082] 

Further, as described hereinabove, the cam phase 
Cain is continuously varied between the most retarded 
value Cainrt and the most advanced value Cainad, 
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whereby the valve timings of the intake valve 4 are 
steplessly varied between the most retarded timing 
indicated by a solid line in FIG. 14 and the most 
advanced timing indicated by a two-dot chain line in 
FIG. 14. 
[0083] 

It should be noted that the reason for using, in 
the present embodiment, the variable cam phase 
mechanism 7 0 described above in place of the 
conventional hydraulic variable cam phase mechanism is 
as follows: The conventional hydraulic variable cam 
phase mechanism has characteristics that it takes time 
before an oil pressure pump is started, and the 
hydraulic pressure is thereby sufficiently increased to 
make the cam phase Cain controllable; the response of 
the mechanism is degraded when the oil temperature is 
very low; dead time is long; and responsiveness is low. 
In contrast, the variable cam phase mechanism 70 used 
in the present embodiment is advantageous in that it is 
neither required to wait for the hydraulic pressure to 
rise nor affected by oil temperature, but is capable of 
properly controlling the cam phase Cain from the start 
thereof, and further is short in dead time and ensures 
higher responsiveness. The variable cam phase 
mechanism 30 is used to make use of these advantages. 
[0084] 

As described above, in the variable intake valve- 
actuating mechanism 40 used in the present embodiment, 
the valve lift Liftin of the intake valve 4 is 
continuously changed by the variable valve lift 
mechanism 50, and the cam phase Cain, i.e. the valve 
timing of the intake valve 4 is continuously changed by 
the variable cam phase mechanism 70. Further, as 
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described hereinafter, the valve lift Liftin and the 
cam phase Cain are controlled by the ECU 2 via the 
variable valve lift mechanism 50 and the variable cam 
phase mechanism 70, respectively. For execution of the 
control, the variable intake valve-actuating mechanism 
40 is configured such that e.g. even when the valve 
lift Liftin is controlled to its maximum value 
Liftinmax and the cam phase Cain is controlled to the 
most retarded value Cainrt, the intake valve 4 is 
opened in timing before the TDC position at the start 
of the intake stroke. 
[0085] 

On the other hand, a cam angle sensor 27 (see FIG. 
2) is disposed at an end of the intake camshaft 5 
opposite from the variable cam phase mechanism 70. The 
cam angle sensor 27 is implemented e.g. by a magnet 
rotor and an MRE pickup, for delivering a CAM signal, 
which is a pulse signal, to the ECU 2 along with 
rotation of the intake camshaft 5. Each pulse of the 
CAM signal is generated whenever the intake camshaft 5 
rotates through a predetermined cam angle (e.g. 1° ) . 
The ECU 2 calculates the cam phase Cain based on the 
CAM signal and the CRK signal described above. 
[0086] 

Furthermore, as shown in FIG. 2, connected to the 
ECU 2 are an accelerator pedal opening sensor 28, and 
an ignition switch (hereinafter referred to as ^^the 
IG • SW") 29. The accelerator pedal opening sensor 28 
detects an opening or stepped-on amount of an 
accelerator pedal, not shown, (hereinafter referred to 
as ^^the accelerator pedal opening AP'') AP and delivers 
a signal indicative of the detected accelerator pedal 
opening AP to the ECU 2. Further, the IG • SW 29 is 
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turned on or off by operation of an ignition key, not 
shown, and delivers a signal indicative of the ON/OFF 
state thereof to the ECU 2. It should be noted that in 
the present embodiment, the accelerator pedal opening 
AP corresponds to the load parameter and the first load 
parameter. 
[0087] 

The ECU 2 is implemented by a microcomputer 
including an I/O interface, a CPU, a RAM, a ROM. The 
ECU 2 determines operating conditions of the engine 3, 
based on the detection signals delivered from the 
above-mentioned sensors 20 to 28, the ON/OFF signal 
from the IG • SW 29, and the like, and controls the 
intake air amount. More specifically, as will be 
described in detail hereinafter, the ECU 2 controls the 
valve lift Liftin and the cam phase Cain via the 
variable valve lift mechanism 50 and the variable cam 
phase mechanism 70, respectively, whereby the amount of 
intake air is controlled. 
[0088] 

In general, in the intake air amount control, it 
is possible to secure higher responsiveness when the 
valve lift Liftin is controlled than when the cam phase 
Cain is controlled. In other words, when the cam phase 
Cain is controlled, the amount of intake air can be 
controlled more finely by a smaller amount of change, 
whereby it is possible to secure higher control 
accuracy than when the valve lift Liftin is controlled. 
This is due to the following reason: 
[0089] 

Referring to FIGS. 15(a) to 15(c), when only the 
valve lift Liftin is changed, the area of a hatched 
portion in FIG. 15(a) decreases two-dimensionally as 



49 



H03-1745US 



the valve lift Liftin is decreased. It is understood 
that at this time, the intake air amount is changed in 
proportion to the area of the hatched portion, and 
therefore an increase or a decrease in the valve lift 
Liftin can cause a steep increase or decrease in the 
intake air amount, thereby making it possible to ensure 
high responsiveness. 
[0090] 

On the other hand, as shown in FIGS. 16(a) to 
16(c), when only the cam phase Cain is changed, the 
area of a hatched portion in FIG. 16(a) changes 
substantially one-dimensionally as the cam phase Cain 
is advanced. This tendency becomes marked in a state 
of the valve lift Liftin being very small. At this 
time, as described hereinabove, the intake air amount 
changes in proportion to the area of the hatched 
portion, and therefore it is understood that by 
advancing and retarding the cam phase Cain, the intake 
air amount can be finely increased and decreased by a 
very small amount of change, thereby making it possible 
to secure high control accuracy. 
[0091] 

Therefore, in the intake air amount control 
according to the present embodiment, for the 
aforementioned reason, master/slave control in which 
one of valve lift control and cam phase control is set 
to a master and the other to a slave is carried out, as 
described hereinafter. More specifically, in the 
intake air amount control, when high responsiveness is 
required, such as in a high-load operating condition of 
the engine 3, the valve lift control is set to the 
master, and the cam phase control to the slave, 
respectively, whereas when high control accuracy is 
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required, such as in a low-load operating condition of 
the engine 3, the valve lift control is set to the 
slave, and the cam phase control to the master, 
respectively. 
[0092] 

It should be noted in the following description, 
a control mode in which the valve lift control is set 
to the master, and the cam phase control to the slave 
is referred to as ^'the lift master mode", whereas a 
control mode in which the valve lift control is set to 
the slave, and the cam phase control to the master is 
referred to as ^'the phase master mode". 
[0093] 

Further, in the present embodiment, the ECU 2 
implements target intake air amount-setting means, 
intake air amount-detecting means, first control value- 
calculating means, second control value-calculating 
means, control input-calculating means, first control 
means, second control means, control selection means, 
load region-determining means, second load parameter- 
setting means, cam phase control value-calculating 
means, and a valve lift control value-calculating means. 
[0094] 

Next, the intake air amount control system 1 
according to the present embodiment will be described 
with reference to FIG. 17. As shown in the figure, the 
intake air amount control system 1 is comprised of a 
target intake air amount-calculating section 90, a 
first ACTASS controller 100, a first slave value- 
calculating section 110, a target valve lift- 
calculating section 111, a valve lift controller 120, a 
second ACTASS controller 200, a second slave value- 
calculating section 210, a target cam phase-calculating 
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section 211, a cam phase controller 220, and a 
master/slave-selecting section 230, all of which are 
implemented buy the ECU 2 . 
[0095] 

In the intake air amount control system 1, as 
described hereinafter, the lift control input Uliftin 
and the phase control input Ucain are calculated, and 
the control inputs Uliftin and Ucain are input to the 
variable valve lift mechanism 50 and the variable cam 
phase mechanism 70, respectively, whereby an actual 
intake air amount Gcyl is controlled such that it 
converges to a target intake air amount Gcyl_cmd. 
[0096] 

The actual intake air amount Gcyl is an intake 
air amount estimated to be actually sucked into the 
cylinders. More specifically, it is calculated by an 
equation (1) in FIG. 19. In the equation (1), VB and 
R represent the internal volume of the intake pipe, and 
a predetermined gas constant, respectively. Further, 
in the equation (1), discrete data with a symbol (k) 
indicates that it is data sampled (or calculated) in 
synchronism with a predetermined control period ATI. 
The symbol k indicates a position in the sequence of 
sampling cycles of respective discrete data. For 
example, the symbol k indicates that discrete data 
therewith is a value sampled in the current control 
timing, and a symbol k-1 indicates that discrete data 
therewith is a value sampled in the immediately 
preceding control timing. This applies to the 
following discrete data. It should be noted that in 
the following description, the symbol (k) and the like 
provided for the discrete data are omitted as deemed 
appropriate . 
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[0097] 

Further, the control period ATI is set to a 
predetermined value (e.g. 10 msec) capable of properly 
reflecting the dynamic characteristic of the intake air 
amount on a plant model [equations (8) and (22)], 
described hereinafter. Furthermore, in the present 
embodiment, the control period ATI corresponds to a 
calculation period for the first and second control 
value-calculating means. 
[0098] 

In the intake air amount control system 1, first, 
the target intake air amount-calculating section 90 
(target intake air amount-setting means) calculates the 
target intake air amount Gcyl__cmd according to the 
accelerator pedal opening AP, the engine speed NE, the 
engine coolant temperature TW, and so forth. 
[0099] 

The, the first ACTASS controller 100 (first 
control value-calculating means, and first control 
means) calculates a master value Lif tin_cmd_ms of the 
target valve lift with a control algorithm, referred to 
hereinafter, according to the target intake air amount 
Gcyl_cmd, and the first slave value-calculating section 
110 (second control value-calculating means, and first 
control means) calculates a slave value Lif tin_cmd_sl 
of the target valve lift by searching a table, referred 
to hereinafter, according to a target cam phase 
Cain_cmd. 
[0100] 

Furthermore, the target valve lift-calculating 
section 111 calculates the target valve lift Liftin_cmd 
as the sum of the master value Lif tin_cmd_ms and the 
slave value Liftin cmd_sl thereof, and the valve lift 
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controller 120 (control input-calculating means) 
calculates the lift control input Uliftin, which is a 
control input to the variable valve lift mechanism 50, 
with a control algorithm, referred to hereinafter, 
according to the target valve lift Liftin_cmd and the 
valve lift Liftin. 
[0101] 

On the other hand, the second ACTASS controller 
200 (first control value-calculating means, and second 
control means) calculates a master value Cain_cmd_ms of 
the target cam phase with a control algorithm, referred 
to hereinafter, according to the target intake air 
amount Gcyl_cmd, and the second slave value-calculating 
section 210 (second control value-calculating means, 
and second control means) calculates a slave value 
Cain_cmd_sl of the target cam phase by searching a 
table, referred to hereinafter, according to the target 
valve lift Liftin_cmd. 
[0102] 

Further, the target cam phase-calculating section 
211 calculates the target cam phase Cain_cmd as the sum 
of the master value Cain_cmd_ms and the slave value 
Cain_cmd_sl thereof, and the cam phase controller 22 0 

(control input-calculating means) calculates the phase 
control input Ucain, which is a control input to the 
variable cam phase mechanism 70, with a control 
algorithm, referred to hereinafter, according to the 
target cam phase Cain_cmd and the cam phase Cain. 

[0103] 

Further, as described hereinafter, the 
master/slave-selecting section 230 (control selection 
means) selects an algorithm with which the first ACTASS 
controller 100 calculates the master value 
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Lif tin_cmd_ms of the target valve lift based on the 
target valve lift Liftin_cmd or the target cam phase 
Cain_cmd, and an algorithm with which the second ACTASS 
controller 200 calculates the master value Cain_cmd_ms 
of the target cam phase. 
[0104] 

It should be noted that in the present embodiment, 
the target cam phase Cain_cmd corresponds to the first 
control value, the second control value, a second load 
parameter, a parameter representing the state of the 
cam phase control, and a cam phase control value. 
Further, the master value Cain_cmd__ms of the target cam 
phase corresponds to a feedback control value and a cam 
phase feedback control value, and the slave value 
Cain_cmd_sl of the target cam phase corresponds to the 
second control value and a cam phase-setting value. 
[0105] 

Further, the target valve lift Liftin__cmd 
corresponds to the first control value, the second 
control value, the second load parameter, a parameter 
representing the state of the valve lift control, and a 
valve lift control value. Further, the master value 
Lif tin_cmd_ms of the target valve lift corresponds to 
the feedback control value and a valve lift feedback 
control value, and the slave value Lif tin_cmd_sl of the 
target valve lift corresponds to the second control 
value and a valve lift-setting value. 
[0106] 

Next, the aforementioned first ACTASS controller 
100 will be described with reference to FIG. 18. The 
first ACTASS controller 100 calculates the master value 
Lif tin_cmd_ms of the target valve lift with a target 
value filter-type two-degree-of-f reedom sliding mode 



55 



H03-1745US 



control algorithm [equations (2) to (7) shown in FIG. 
19], and is comprised of a target value filter 101, a 
sliding mode controller 102, and an adaptive 
disturbance observer 108. 
[0107] 

The target value filter 101 calculates a filtered 
value Gcyl_cmd_f of the target intake air amount with a 
first-order lag filter algorithm expressed by the 
equation (2) shown in FIG. 19. In the equation (2), 
POLE_f represents a target value filter-setting 
parameter set to a value satisfying the relationship of 
-1 < POLE_f < 0. 
[0108] 

Then, a description will be given of the sliding 
mode controller 102. The sliding mode controller 102 
calculates the master value Lif tin_cmd_ms of the target 
valve lift with a sliding mode control algorithm, 
described hereinafter, and is comprised of an 
equivalent control input-calculating section 103, a 
follow-up error-calculating section 104, a switching 
function-calculating section 105, a reaching law input- 
calculating section 106, and a master value-calculating 
section 107. 
[0109] 

First, the equivalent control input-calculating 
section 103 calculates an equivalent control input Ueq 
by the equation (4) shown in FIG. 19. In the equation 
(4), POLE represents a switching function-setting 
parameter, described hereinafter, al, a2, bl, and b2 
model parameters of a model, described hereinafter, and 
cl a disturbance estimate which is calculated by the 
adaptive disturbance observer 108, as described 
hereinafter. 
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[0110] 

Further, the follow-up error-calculating section 
104 calculates a follow-up error Egc by the equation 
(7) in FIG. 19, and the switching function-calculating 
section 105 calculates a switching function a by the 
equation (6) shown in FIG. 19. In the equation (6), 
the switching function-setting parameter POLE is set to 
a value satisfying the relationship of -1 < POLE < 0. 
[0111] 

Furthermore, the reaching law input-calculating 
section 106 calculates a reaching law input Urch by the 
equation (5) shown in FIG. 19. In the equation (5), 
Krch represents a reaching law gain, which is set to a 
predetermined value. The master value-calculating 
section 107 calculates the master value Lif tin_cmd_ms 
of the target valve lift. 
[0112] 

As described above, the sliding mode controller 
102 calculates the master value Lif tin_cmd_ms of the 
target valve lift with the sliding mode control 
algorithm expressed by the equations (3) to (7) in FIG. 
19. It should be noted that the above equations (3) to 
(7) are derived as follows: 
[0113] 

First, a plant 112 (see FIG. 18) is defined as a 
system to which is inputted the target valve lift 
Liftin_cmd and from which is outputted the actual 
intake air amount Gcyl, and modeled into a discrete- 
time system model, whereby the equation (8) shown in 
FIG. 19 is obtained. In the equation (8), al, a2, bl, 
and b2 represent model parameters, which are set to 
predetermined values. 
[0114] 
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The equation (8) represents a relation in dynamic 
characteristics between the target valve lift 
Liftin_cmd and the actual intake air amount Gcyl. Here, 
it is considered that the relation in dynamic 
characteristics therebetween, and a relation in dynamic 
characteristics between the master value Lif tin_cmd_ms, 
as a feedback component of the target valve lift 
Liftin_cmd, and the actual intake air amount Gcyl are 
substantially the same, and therefore when the target 
valve lift Liftin_cmd in the equation (8) is replaced 
by the master value Lif tin_cmd_ms of the target valve 
lift, a model expressed by an equation (9) in FIG. 19 
is derived. Then, when the sliding mode control 
algorithm is applied to the model such that the actual 
intake air amount Gcyl converges to the filtered value 
Gcyl_cmd_f of the target intake air amount, the 
aforementioned equations (3) to (7) in FIG. 19 are 
derived. 
[0115] 

On the other hand, as described hereinafter, the 
adaptive disturbance observer 108 calculates the 
disturbance estimate cl, and an algorithm for 
calculating the disturbance estimate cl is selected by 
the aforementioned master/slave-selecting section 230 
based on the target valve lift Liftin_cmd or the target 
cam phase Cain_cmd. 
[0116] 

More specifically, as described hereinabove, 
during the lift master mode of the intake air amount 
control, the disturbance estimate cl is calculated with 
an identification algorithm expressed by equations (10) 
to (14) in FIG. 20. In the equation (10), Pdov 
represents a predetermined identification gain, and 
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e_dov an identification error. The identification 
error e_dov is calculated by the equation (11). 
Further, in the equation (11), Gcyl_hat represents an 
identified value of the actual intake air amount Gcyl, 
which is calculated by the equation (12) . In the 
equation (12), 6 represents a vector the transposed 
matrix of which is represented by the equation (13), 
and C represents a vector the transposed matrix of 
which is represented by the equation (14) . 
[0117] 

On the other hand, during the phase master mode, 
the disturbance estimate cl is calculated by an 
equation (15) shown in FIG. 20. As is apparent from 
the equation (15), if the disturbance estimate cl 
calculated by the equation (15) is applied to the 
aforementioned equation (4), Ueq = -Urch is obtained. 
As a result, the master value Lif tin_cmd_ms of the 
target valve lift as the feedback component of the 
valve lift control is equal to a value of 0. That is, 
in the phase master mode, Liftin_cmd = Lif tin_cmd_sl 
holds . 
[0118] 

As described above, in the first ACTASS 
controller 100, when the control mode of the intake air 
amount is the lift master mode, the master value 
Lif tin_cmd_ms of the target valve lift is calculated 
with the algorithm for the lift master mode [the 
equations (2) to (7), and (10) to (14)], whereas when 
the control mode is the phase master mode, the master 
value Lif tin_cmd_ms is calculated with the algorithm 
for the phase master mode [the equations (2) to (7), 
and (15) ] , 
[0119] 
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As described above, when the master value 
Lif tin_cmd_ms of the target valve lift is calculated 
with the algorithm for the lift master mode, it is 
possible to secure both the follow-up property of the 
actual intake air amount Gcyl to the target intake air 
amount Gcyl_cmd and a disturbance-suppressing 
capability at respective high levels with the 
aforementioned filter-type two-degree-of -freedom 
sliding mode control algorithm. Particularly, by 
setting the target value filter-setting parameter 
POLE_f in the range of -1 < POLE_f < 0, as desired, it 
is possible to freely specify the follow-up property, 
and by setting the switching function-setting parameter 
POLE in the range of -1 < POLE < 0, as desired, it is 
possible to freely specify disturbance-suppressing 
capability - 
[0120] 

Now, the above-mentioned securing of the follow- 
up property and the disturbance-suppressing capability 
will be described in detail with reference to FIG. 21, 
In the figure, out of curves representing the actual 
intake air amount Gcyl, curves in solid lines represent 
curves obtained when the target value filter-setting 
parameter POLE_f and the switching function-setting 
parameter POLE are both set to values close to 0, and 
curves in two-dot chain lines represent curves obtained 
when the target value filter-setting parameter POLE_f 
and the switching function-setting parameter POLE are 
both set to values close to -1. 
[0121] 

When comparison is made between the solid lines 
and the two-dot chain lines after the target intake air 
amount Gcyl_cmd is changed from a value of 0 (after 
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time tl) in FIG. 21, it is clear that the follow-up 
property of the actual intake air amount Gcyl to the 
target intake air amount Gcyl_cmd is improved when the 
target value filter-setting parameter POLE_f is set to 
a value close to 0 than when it is set to a value close 
to -1. Further, when comparison is made between the 
solid lines and the two-dot chain lines after 
disturbance is applied to the first ACTASS controller 
100 (after time t2) , it is clear that the disturbance- 
suppressing capability is improved when the switching 
function-setting parameter POLE is set to a value close 
to 0 than when it is set to a value close to -1. 
[0122] 

As described above, if the target value filter- 
setting parameter POLE_f is set to a value close to 0 
within the aforementioned range, it is possible to 
enhance the follow-up property, and if the switching 
function-setting parameter POLE is set to a value close 
0 within the aforementioned range, it is possible to 
enhance the disturbance-suppressing capability. This 
means that even when a demanded torque of the engine 3 
is suddenly changed, it is possible to avoid 
overshooting and an oscillating behavior in the intake 
air amount control. Moreover, since the two-degree-of- 
freedom sliding mode control algorithm is used, it is 
possible to set the target value filter-setting 
parameter POLE_f and the switching function-setting 
parameter POLE separately from each other. This makes 
it possible to secure high disturbance-suppressing 
capability, e.g. even when the follow-up property of 
the actual intake air amount Gcyl to the target intake 
air amount Gcyl_cmd (convergence rate) is set to be 
gentle so as to avoid overshooting. 
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[0123] 

Next, the aforementioned second ACTASS controller 
200 will be described with reference to FIG, 22. 
Similarly to the aforementioned first ACTASS controller 
100, the second ACTASS controller 200 calculates the 
master value Cain_cmd_ms of the target cam phase with a 
target value filter-type two-degree-of-f reedom sliding 
mode control algorithm [equations (16) to (21) shown in 
FIG. 23], and is comprised of a target value filter 201, 
a sliding mode controller 202, and an adaptive 
disturbance observer 208. 
[0124] 

The target value filter 201 calculates the 
filtered value Gcyl_cmd_f of the target intake air 
amount by the equation (16) shown in FIG. 23, that is, 
with the same first-order lag filter algorithm as 
expressed by the aforementioned equation (2) . 
[0125] 

Then, a description will be given of the sliding 
mode controller 202. Similarly to the above-described 
sliding mode controller 102, the sliding mode 
controller 202 calculates the master value Cain_cmd_ms 
of the target cam phase with a sliding mode control 
algorithm, described hereinafter, and is comprised of 
an equivalent control input-calculating section 203, a 
follow-up error-calculating section 204, a switching 
function-calculating section 205, a reaching law input- 
calculating section 206, and a master value-calculating 
section 207. 
[0126] 

First, the equivalent control input-calculating 
section 203 calculates an equivalent control input Ueq' 
by the equation (18) shown in FIG. 23. In the equation 
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(18) / POLE' represents a switching function-setting 
parameter described hereinafter, al' , a2' , bl' , and b2' 
model parameters of a model, described hereinafter, and 
cl'a disturbance estimate calculated by the adaptive 
disturbance observer 208, as described hereinafter, 
[0127] 

Further, the follow-up error-calculating section 
204 calculates the follow-up error Egc by the equation 
(21) in FIG. 23, i.e. by the same equation as the 
aforementioned equation (7), and the switching 
function-calculating section 205 calculates a switching 
function o' by the equation (20) shown in FIG. 23. In 
the equation (20) , the switching function-setting 
parameter POLE' is set to a value satisfying the 
relationship of -1 < POLE' < 0. 
[0128] 

Furthermore, the reaching law input-calculating 
section 206 calculates a reaching law input Urch' by 
the equation (19) shown in FIG. 23. In the equation 

(19) , Krch' represents a reaching law gain, which is 
set to a predetermined value. The master value- 
calculating section 207 calculates the master value 
Cain_cmd_ms of the target cam phase. 

[0129] 

As described above, the sliding mode controller 
202 calculates the master value Cain_cmd_ms of the 
target cam phase with the sliding mode control 
algorithm expressed by the equations (17) to (21) in 
FIG. 23. The above equations (17) to (21) are derived 
as follows: 
[0130] 

First, a plant 212 (see FIG. 22) is defined as a 
system to which is inputted the target cam phase 
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Cain_cmd and from which is outputted the actual intake 
air amount Gcyl, and modeled into a discrete-time 
system model, whereby the equation (22) shown in FIG. 
23 is obtained. In the equation (22), al' , a2', bl' , 
and b2' represent model parameters, which are set to 
predetermined values. 
[0131] 

When the target cam phase Cain_cmd in the 
equation (22) is replaced by the master value 
Cain_cmd_ms of the target cam phase, a model expressed 
by an equation (23) in FIG. 23 is derived. Furthermore, 
when the sliding mode control algorithm is applied to 
the model such that the actual intake air amount Gcyl 
converges to the filtered value Gcyl__cmd_f of the 
target intake air amount, the aforementioned equations 

(17) to (21) are derived. 

[0132] 

On the other hand, as described hereinafter, the 
adaptive disturbance observer 208 calculates the 
disturbance estimate cl' , and an algorithm for 
calculating the disturbance estimate cl' is selected by 
the aforementioned master/slave-selecting section 230 
based on the target valve lift Liftin_cmd or the target 
cam phase Cain_cmd. 
[0133] 

More specifically, during the phase master mode 
of the intake air amount control, the disturbance 
estimate cl' is calculated with an identification 
algorithm expressed by equations (24) to (28) in FIG. 
24. In the equation (25), Pdov' represents a 
predetermined identification gain, and e_dov' an 
identification error. The identification error e_dov' 
is calculated by the equation (25) . Further, in the 
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equation (25) , Gcyl_hat' represents an identified value 
of the actual intake air amount Gcyl, which is 
calculated by the equation (26) . In the equation (26) , 

d ' represents a vector the transposed matrix of which 
is represented by the equation (27), and a vector 

the transposed matrix of which is represented by the 
equation (28) . 

[0134] 

On the other hand, during the lift master mode, 
the disturbance estimate cl' is calculated by an 
equation (29) shown in FIG, 24. As is apparent from 
the equation (29) , if the disturbance estimate cl' 
calculated by the equation (29) is applied to the 
aforementioned equation (18), Ueq' = -Urch' is obtained 
As a result, the master value Cain_cmd_ms of the target 
cam phase as the feedback component of the cam phase 
control is equal to a value of 0. That is, in the lift 
master mode, Cain_cmd = Cain_cmd_sl holds. 
[0135] 

As described above, in the second ACTASS 
controller 200, when the control mode of the intake air 
amount is the phase master mode, the master value 
Cain_cmd_ms of the target cam phase is calculated with 
the algorithm for the phase master mode [the equations 
(16) to (21), and (24) to (28)], whereas when the 
control mode is the lift master mode, the master value 
Cain_cmd_ms is calculated with the algorithm for the 
lift master mode [the equations (16) to (21), and (29)] 
[0136] 

As described above, when the master value 
Cain_cmd_ms of the target cam phase is calculated with 
the algorithm for the phase master mode, it is 
possible to secure both the follow-up property of the 
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actual intake air amount Gcyl to the target intake air 
amount Gcyl_cmd and the disturbance-suppressing 
capability at respective high levels with the 
aforementioned filter- type two-degree-of -freedom 
sliding mode control algorithm. Particularly, by 
setting target value filter-setting parameter POLE_f in 
the range of -1 < POLE_f < 0, as desired, as described 
above, it is possible to freely specify the follow-up 
property, and by setting the switching function-setting 
parameter POLE' in the range of -1 < POLE' < 0, as 
desired, it is possible to freely specify the 
disturbance- suppressing capability. 
[0137] 

Then, a description will be given of the above- 
described valve lift controller 120. The valve lift 
controller 120 calculates the lift control input 
Uliftin with a control algorithm, described hereinbelow, 
such that the valve lift Liftin is caused to converge 
to the target valve lift Liftin_cmd, and is comprised 
of a state predictor 121, an onboard identifier 122, 
and a two-degree-of-f reedom sliding mode controller 123, 
as shown in FIG. 25. 
[0138] 

The state predictor 121 calculates a predicted 
valve lift Pre_Liftin, which is a predicted value of 
the valve lift Liftin, with a prediction algorithm 
described hereinafter. 
[0139] 

More specifically, an equation (30) shown in FIG. 
26 is used as a plant model. In the equation (30), dx 
represents a dead time determined by characteristics of 
a plant. Further, al", a2", bl", and b2" represent 
model parameters, which are sequentially identified by 
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the onboard identifier 122, as described hereinafter. 
Furthermore, a symbol n represents a discretized time, 
and discrete data with the symbol (n) indicates that it 
is data sampled in synchronism with a predetermined 
control period AT2 (e.g. 2 msec) shorter than the 
control period of discrete data with the symbol (k) 
described above. This applies to other -discrete data 
in equations described hereinafter. Further, in the 
following, the symbol (n) indicating that data 
therewith is discrete data is omitted when deemed 
appropriate. It should be noted that the control 
period AT2 corresponds to a calculation period for the 
control input-calculating means. 
[0140] 

Then, matrices A and B are defined using the 
model parameters al", a2", bl", and b2" by equations 
(31) and (32) shown in FIG. 26, and the aforementioned 
equation (30) is modified, whereby there is obtained an 
equation (33) shown in FIG. 26. 
[0141] 

Although it is possible to calculate the 
predicted valve lift Pre__Liftin using the equation (33), 
shortage of the order of the model, a nonlinear 
characteristic of a controlled object, and so forth can 
cause a steady-state deviation and modeling errors in 
the predicted valve lift Pre_Liftin. 
[0142] 

To avoid the above problem, the state predictor 
121 according to the present embodiment calculates the 
predicted valve lift Pre_Liftin using an equation (34) 
shown in FIG. 26 in place of the equation (33) . This 
equation (34) is obtained by adding to the right side 
of the equation (33), a compensation value yl for 
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compensating for the steady-state deviation and the 
modeling errors, and replacing Liftin on the left side 
of the equation (33) by Pre_Liftin. 
[0143] 

Next, a description will be given of the onboard 
identifier 122. The onboard identifier 122 identifies, 
with a sequential identification algorithm described 
hereinbelow, a vector 0 x of matrix components al, a 2, 
and i3 j of the model parameters and the compensation 

value ylf in the aforementioned equation (34). 
[0144] 

More specifically, the vector 0 x is calculated 
by equations (35) to (40) shown in FIG. 27. The 
transposed matrix of the vector 0 x is defined by the 
equation (39). Further, in the equation (35), KP 
represents a vector of a gain coefficient, and the 
vector KP of the gain coefficient is calculated by the 
equation (36). In the equation (36), P represents a 
square matrix of order (dx + 4) defined by the equation 

(37), and Cx represents a vector the transposed 
matrix of which is defined by the equation (40) . 
Further, an identification error ide in the equation 

(35) is calculated by the equation (38) . 

[0145] 

In the identification algorithm configured as 
above, one of the following four identification 
algorithms is selected according to settings of the 
weighting parameters ^1 and X2 in the equation (37): 

^1 = 1, X2 = 0: fixed gain algorithm; 

A,l = l, yl2 = l: least-squares method algorithm; 

Xl = If X2 = X: progressively decreasing gain 
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algorithm; and 

Xl -X, X2 = 1: weighted least-squares method 
algorithm, 

wherein X represents a predetermined value set 
such that 0 < X < 1 holds. 

It should be noted that in the present embodiment, 
the weighted least-squares method algorithm is employed 
so as to optimally secure both the accuracy of 
identification and the convergence rate of the vector 
0 X to an optimal value. 
[0146] 

Next, a description will be given of the two- 
degree-of -freedom sliding mode controller (hereinafter 
referred to as "'the TDFSLD controller") 123. As 
described hereinafter, the TDFSLD controller 123 
calculates the lift control input Uliftin with a target 
value filter-type two-degree-of -freedom sliding mode 
control algorithm such that the valve lift Liftin 
converges to the target valve lift Liftin_cmd. 
[0147] 

More specifically, similarly to the first ACTASS 
controller 100, when the target value filter-type two- 
degree-of-f reedom sliding mode control algorithm is 
applied to the plant model expressed by the 
aforementioned equation (30), equations (41) to (46) 
shown in FIG. 28 are derived. In the equation (41) in 
the figure, Liftin_cmd_f represents a filtered value of 
the target valve lift, and POLE_f" represents a target 
value filter-setting parameter, which is set to a value 
satisfying the relationship of -1 < POLE_f" < 0. 
[0148] 

Further, an equivalent control input Ueq" is 
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calculated by the equation (43). In the equation (43), 
POLE''' represents a switching function-setting parameter, 
which is set to a value satisfying the relationship of 
-1 < POLE" < 0. 
[0149] 

Furthermore, a reaching law input Urch'' is 
calculated by the equation (44). In the equation (44), 
Krch" represents a predetermined reaching law gain, and 
Pre_a" a predicted switching function calculated by 
the equation (45). Further, in the equation (44), 
Pre_E_lf represents a follow-up error, which is 
calculated by the equation (4 6) . 
[0150] 

As described hereinabove, in the valve lift 
controller 120, the state predictor 121 calculates the 
predicted valve lift Pre_Liftin with a state-predicting 
algorithm having the compensation value y 1 added 
thereto, and the compensation value 7 1 is sequentially 
identified by the onboard identifier 122, so that it is 
possible to accurately calculate the predicted valve 
lift Pre_Liftin, while compensating for the 
aforementioned steady-state deviation and modeling 
errors . 
[0151] 

Further, the TDFSLD controller 123 is capable of 
causing the valve lift Liftin to converge to the target 
valve lift Liftin_cmd, and at the same time, as 
described hereinabove, specifying the convergence 
behavior and the convergence rate of the valve lift 
Liftin to the target valve lift Liftin_cmd as desired, 
by setting the switching function-setting parameter 
POLE'''. Moreover, since the compensation value y 1 is 
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contained in the equation (43) for calculating the 
equivalent control input Ueq'', the disturbance- 
suppressing capability as well can be enhanced. 
[0152] 

It should be noted that in the first ACTASS 
controller 100 and the valve lift controller 120, the 
switching function-setting parameters POLE and POLE'' 
are set to values satisfying the relationship of -1 < 
POLE < POLE" < 0. This makes it possible to enhance 
the response of the control performed by the valve lift 
controller 120 than that of the control performed by 
the first ACTASS controller 100, thereby making it 
possible to enhance the stability i.e. controllability 
of the intake air amount control. 
[0153] 

Further, the valve lift controller 120 calculates 
the lift control input Uliftin by using the data 
sampled in synchronism with the aforementioned control 
period AT2. More specifically, the lift control input 
Uliftin is calculated at a calculation period AT2 
shorter than a calculation period (i.e. the control 
period ATI) at which the target valve lift Liftin_cmd 
is calculated- This makes it possible to make the 
convergence rate at which the valve lift Liftin is 
caused to converge to the target valve lift Liftin_cmd 
by the valve lift controller 120 higher than the 
convergence rate at which the actual intake air amount 
Gcyl is caused to converge to the target intake air 
amount Gcyl_cmd by the first ACTASS controller 100. As 
a result, it is possible to further enhance the 
stability or the controllability of the intake air 
amount control. 
[0154] 
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Next, a description will be given of the cam 
phase controller 220. Similarly to the above-described 
valve lift controller 120, the cam phase controller 220 
calculates the cam phase control input Ucain with a 
control algorithm, described hereinbelow, such that the 
cam phase Cain is caused to converge to the target cam 
phase Cain_cmd, and is comprised of a state predictor 
221, an onboard identifier 222, and a two-degree-of- 
freedom sliding mode controller 223, as shown in FIG. 
29. 

[0155] 

The state predictor 221 calculates a predicted 
cam phase Pre_Cain, which is a predicted value of the 
cam phase Cain, with a prediction algorithm similar to 
that for the state predictor 121, i.e. an equation (51) 
shown in FIG. 30. The equation (51) is derived as 
follows: An equation (47) shown in FIG. 30 is used as 
a plant model. In the equation (47), dy represents a 
dead time determined by characteristics of a plant. 
Further, al*, a2*, bl*, and b2* represent model 
parameters, which are sequentially identified by the 
onboard identifier 222, as described hereinafter. 
[0156] 

Then, the matrices A and B are defined using the 
model parameters al*, a2*, bl*, and b2* by equations 
(48) and (49) shown in FIG. 30, and the aforementioned 
equation (47) is modified, whereby there is obtained an 
equation (50) shown in FIG. 30. Further, a 
compensation value y 1* for compensating for the 
steady-state deviation and the modeling errors is added 
to the right side of the equation (50) , and Cain on the 
left side of the equation (50) is replaced by Pre_Cain, 
whereby an equation (51) shown in FIG. 30 is derived. 



72 



H03-1745US 



[0157] 

Next, a description will be given of the onboard 
identifier 222. The onboard identifier 222 identifies, 
with the same sequential identification algorithm as 
that for the onboard identifier 222, a vector 0 * of 
matrix components oil*, a 2*, and i3j* of the model 
parameters and the compensation value yl*, in the 
aforementioned equation (51) . 
[0158] 

More specifically, the vector 0 * is calculated 
by equations (52) to (57) shown in FIG. 31. The 
transposed matrix of the vector 0 * is defined by the 
equation (56). Further, in the equation (52), KP* 
represents a vector of a gain coefficient, and the 
vector KP* of the gain coefficient is calculated by the 
equation (53). In the equation (53), P* represents a 
square matrix of order (dy+4) defined by the equation 

(54), and C* represents a vector the transposed matrix 
of which is defined by the equation (57) . Further, an 
identification error ide* in the equation (52) is 
calculated by the equation (55) . 

[0159] 

In the identification algorithm configured as 
above, it is possible to select an algorithm from the 
fixed gain algorithm, the least-squares method 
algorithm, the progressively decreasing gain algorithm, 
and the weighted least-squares method algorithm, 
according to settings of the weighting parameters X 1* 
and /1 2* in the equation (54), as described above. In 
the present embodiment, the weighted least-squares 
method algorithm is employed for the aforementioned 



73 



H03-1745US 



reason . 
[0160] 

Next, a description will be given of two-degree- 
of-freedom sliding mode controller (hereinafter 
referred to as '^the TDFSLD controller") 223. As 
described hereinafter, the TDFSLD controller 223 
calculates the phase control input Ucain with a target 
value filter-type two-degree-of-f reedom sliding mode 
control algorithm such that the cam phase Cain 
converges to the target cam phase Cain_cmd. 
[0161] 

More specifically, when a target value filter- 
type two-degree-of-f reedom sliding mode control 
algorithm similar to that for the TDFSLD controller 123 
is applied to the plant model expressed by the 
aforementioned equation (47), equations (58) to (63) 
shown in FIG. 32 are derived. In the equation (58) in 
the figure, Cain_cmd_f represents a filtered value of 
the target cam phase, and POLE_f* represents a target 
value filter-setting parameter, which is set to a value 
satisfying the relationship of -1 < POLE_f* < 0. 
[0162] 

Further, an equivalent control input Ueq* is 
calculated by the equation (60). In the equation (60), 
POLE* represents a switching function-setting parameter, 
which is set to a value satisfying the relationship of 
-1 < POLE* < 0. 
[0163] 

Furthermore, a reaching law input Urch* is 
calculated by the equation (61). In the equation (61), 
Krch* represents a predetermined reaching law gain, and 
Pre_a* a predicted switching function calculated by 
the equation (62). Further, in the equation (62), 
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Pre_E_ca* represents a follow-up error, which is 

calculated by the equation (63) . 

[0164] 

As described hereinabove, in the cam phase 
controller 220, the state predictor 221 calculates the 
predicted cam phase Pre_Cain with the state-predicting 
algorithm having the compensation value y 1* added 
thereto, and the compensation value y 1* is 
sequentially identified by the onboard identifier 222. 
This makes it possible to accurately calculate the 
predicted cam phase Pre_Cain, while compensating for 
the aforementioned steady-state deviation and modeling 
errors . 
[0165] 

Further, the TDFSLD controller 223 can cause the 
cam phase Cain to converge to the target cam phase 
Cain_cmd, and at the same time, as described 
hereinabove, specify the convergence behavior and the 
convergence rate of the cam phase Cain to the target 
cam phase Cain_cmd as desired, by setting the switching 
function-setting parameter POLE*. Moreover, since the 
compensation value y 1* is contained in the equation 
(60) for calculating the equivalent control input Ueq*, 
the disturbance-suppressing capability as well can be 
enhanced. 
[0166] 

It should be noted that in the second ACTASS 
controller 200 and the cam phase controller 220, the 
switching function-setting parameters POLE' and POLE* 
are set to values satisfying the relationship of -1 < 
POLE' < POLE* < 0. This makes it possible to make the 
response of the control performed by the cam phase 
controller 220 higher than that of the control 
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performed by the second ACTASS controller 200, thereby 
making it possible to enhance the stability i.e. 
controllability of the intake air amount control. 
[0167] 

Further, the cam phase controller 220 calculates 
the phase control input Ucain by using the data sampled 
in synchronism with the aforementioned control period 
AT2. More specifically, the phase control input Ucain 
is calculated at the calculation period AT2 shorter 
than the calculation period (i.e. the control period 
ATI) at which the target cam phase Cain_cmd is 
calculated. This makes it possible to make the 
convergence rate at which the cam phase Cain is caused 
to converge to the target cam phase Cain_cmd by the cam 
phase controller 220 higher than the convergence rate 
at which the actual intake air amount Gcyl is caused to 
converge to the target intake air amount Gcyl_cmd by 
the second ACTASS controller 200. As a result, it is 
possible to further enhance the stability i.e. 
controllability of the intake air amount control. 
[0168] 

Hereinafter, a main control process of the engine 
control carried out by the ECU 2 will be described with 
reference to FIGS. 33(a) to 33(c). As shown in FIG. 
33(a), in a step 1 (shown as SI in abbreviated form in 
FIG. 33(a); the following steps are also shown in 
abbreviated form) , an intake air amount control process 
is carried out at the aforementioned control period 
ATI. In this process, as described hereinafter, the 
target valve lift Liftin_cmd, the target cam phase 
Cain_cmd, and so forth are calculated. 
[0169] 
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Further, as shown in FIG. 33(b), in steps 2 and 3, 
the lift control input Uliftin and the phase control 
input Ucain are calculated, as described hereinbelow. 
The calculating processes are performed at the control 
period AT2 {<AT1) shorter than the control period ATI 
for the above-described reason. 
[0170] 

Furthermore, as shown in FIG. 33(c), in steps 4 
and 5, a fuel control process and an ignition timing 
control process are executed in synchronism with 
generation of each pulse of the TDC signal. In the 
fuel control process, the fuel injection amount TOUT of 
the fuel injection valve 12 is calculated depending on 
operating conditions of the engine 3, although detailed 
description thereof is omitted. Further, in the 
ignition timing control process, ignition timing Iglog 
is calculated. 
[0171] 

Next, the aforementioned intake air amount 
control process will be described with reference to FIG. 
34. As shown in FIG. 34, in the program for this 
process, first, it is determined in a step 10 whether 
or not an intake valve-actuating mechanism failure flag 
F_VLVNG is equal to 1. The intake valve-actuating 
mechanism failure flag F_VLVNG is set to 1 when the 
variable intake valve-actuating mechanism 40 is 
determined to be faulty, and to 0 when the same is 
determined to be normal. 
[0172] 

If the answer to the above question is 
affirmative (YES), i.e. if the variable intake valve- 
actuating mechanism 40 is faulty, the program is 
immediately terminated. On the other hand, if the 
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answer to the question is negative (NO), i.e. if the 
variable intake valve-actuating mechanism 40 is normal, 
the program proceeds to a step 11, wherein it is 
determined whether or not an engine start flag 
F_ENGSTART is equal to 1. The engine start flag 
F_ENGSTART is set by determining in a determination 
process, not shown, whether or not engine starting 
control, i.e. cranking is being executed, based on the 
engine speed NE and the output of the IG • SW 29. More 
specifically, when the engine starting control is being 
executed, the engine start flag F_ENGSTART is set to 1, 
and otherwise set to 0. 
[0173] 

If the answer to the question of the step 11 is 
affirmative (YES), i.e. if the engine starting control 
is being executed, the program proceeds to a step 12, 
wherein a start-time value Gcyl__cmd_crk of the target 
intake air amount is calculated by searching a table 
shown in FIG. 35 according to the engine coolant 
temperature TW. As shown in FIG. 35, in this table, 
the start-time value Gcyl_cmd_crk of the target intake 
air amount is set to a smaller value as the engine 
coolant temperature TW is higher. This is because as 
the engine coolant temperature TW is higher, the engine 
3 is easier to start, and hence it is possible to 
reduce both the intake air amount and the fuel 
injection amount. 
[0174] 

Subsequently, the program proceeds to a step 13, 
wherein the target intake air amount Gcyl_cmd is set to 
the start-time value Gcyl_cmd_crk. After that, in a 
step 14, the actual intake air amount Gcyl is 
calculated by the aforementioned equation (1) . Then, 



ft 



78 



H03-1745US 



the program proceeds to a step 15, wherein a lift & 
phase control process is carried out, as described 
hereinafter, followed by terminating the program. 
[0175] 

On the other hand, if the answer to the question 
of the step 11 is negative (NO), i.e. if the engine 
starting control is not being executed, the program 
proceeds to a step 16, wherein it is determined whether 
or not an execution time period Teat of the catalyst 
warmup control, which is represented by a time period 
elapsed immediately after termination of the start of 
the engine 3, is smaller than a predetermined value 
Tcatlmt (e.g. 30 sec) . The catalyst warmup control is 
executed for rapidly activating catalyst in the 
catalytic converters 16a and 16b after the start of the 
engine 3. 
[0176] 

If the answer to the question of the step 16 is 
affirmative (YES), i.e. if Teat < Tcatlmt holds, the 
program proceeds to a step 17, wherein it is determined 
whether or not the accelerator pedal opening AP is 
smaller than a predetermined value APREF. The 
predetermined value APREF is for determining that the 
accelerator pedal is not stepped on, and is set to a 
value (e.g. 1*" ) from which it can be determined that 
the accelerator pedal is not stepped on. 
[0177] 

If the answer to the question of the step 17 is 
affirmative (YES), i.e. if the accelerator pedal is not 
stepped on, it is judged that the catalyst warmup 
control should be executed, so that the program 
proceeds to a step 18, wherein a catalyst warmup value 
Gcyl_cmd_ast of the target intake air amount is 
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calculated by searching a map shown in FIG. 36 
according to the execution time period Teat of the 
catalyst warmup control and the engine coolant 
temperature TW, 
[0178] 

In the map in FIG. 36^ predetermined values TWl 
to TW3 of the engine coolant temperature TW are set 
such that the relationship of TWl < TW2 < TW3 holds. 
In this map, the catalyst warmup value Gcyl_cmd_ast of 
the target intake air amount is set to a larger value 
as the engine coolant temperature TW is lower. This is 
because as the engine coolant temperature TW is lower, 
it takes a longer time period to activate catalyst, and 
hence the volume of exhaust gasses is increased to 
shorten the time period required for activating the 
catalyst. Furthermore, in the above map, until the 
execution time period Teat of the catalyst warmup 
control has exceeded a predetermined time period Tcatl, 
the catalyst warmup value Gcyl_cmd_ast of the target 
intake air amount is set to a larger value as the 
execution time period Teat is longer, whereas after the 
execution time period Teat has exceeded the 
predetermined time period Tcatl, the catalyst warmup 
value Gcyl_cmd_ast is set to a smaller value as the 
execution time period Teat is longer. This is because 
the warming up of the engine 3 proceeds along with the 
lapse of the execution time period Teat, so. that when 
the friction lowers, unless the target intake air 
amount Gcyl_cmd is decreased, the ignition timing is 
excessively retarded so as to hold the engine speed NE 
at a target value, which makes unstable the combustion 
state of the engine. To avoid the combustion state 
from being unstable, the map is configured as described 
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above . 
[0179] 

Then, the program proceeds to a step 19, wherein 
the target intake air amount Gcyl_cmd is set to the 
above catalyst warmup value Gcyl_cmd_ast . After that, 
the aforementioned steps 14 and 15 are carried out, 
followed by terminating the program. 
[0180] 

On the other hand, if the answer to the question 
of the step 16 or the step 17 is negative (NO), i.e. if 
Teat ^ Tcatlmt holds, or if the accelerator pedal is 
stepped on, the program proceeds to a step 20, wherein 
a normal operation value Gcyl_cmd_drv of the target 
intake air amount is calculated by searching a map 
shown in FIG, 37 according to the accelerator pedal 
opening AP and the engine speed NE. 
[0181] 

In the map shown in FIG. 37, predetermined values 
API to AP3 of the accelerator pedal opening AP are set 
such that the relationship of API > AP2 > AP3 holds, 
and this relationship also applies to the following 
descriptions. In this map, the normal operation value 
Gcyl_cmd_drv of the target intake air amount is set to 
a larger value as the engine speed NE is higher or as 
the accelerator pedal opening AP is larger. This is 
because as the engine speed NE is higher or as the 
accelerator pedal opening AP is larger, the engine 3 is 
in a higher-load region, and hence a larger intake air 
amount is required. 
[0182] 

Subsequently, the program proceeds to a step 21, 
wherein the target intake air amount Gcyl_cmd is set to 
the normal operation value Gcyl__cmd_drv. Then, the 
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aforementioned steps 14 and 15 are executed, followed 
by terminating the program. 
[0183] 

Next, the lift & phase control process will be 
described with reference to FIG. 38. In the program 
for this process, first, it is determined in a step 30 
whether or not the value of a lift master flag F__MSLIFT 
set in the immediately preceding loop is equal to 1. 
If the answer to this question is negative (NO), i.e. 
if the immediately preceding control mode is the phase 
master mode, the program proceeds to a step 31, wherein 
it is determined whether or not the difference 
Agcyl_cmd is larger than a threshold value Gcyl_acc. 
[0184] 

The difference Agcyl__cmd is calculated as the 
difference [Gcyl_cmd ( Jc) - Gcyl^cmd (]c-l) ] between the 
current value and the immediately preceding value of 
the target intake air amount. Further, the threshold 
value Gcyl_acc is a predetermined value for use in 
determining whether or not the engine 3 is in 
accelerating operation . 
[0185] 

If the answer to the question of the step 31 is 
affirmative (YES), i.e. if the engine 3 is in 
accelerating operation, in a step 32, a threshold value 
Cain_mssw_lmt of the target cam phase is set to a 
predetermined acceleration value Cain_msswl. On the 
other hand, if the answer to the question of the step 
31 is negative (NO), i.e. if the engine 3 is in 
decelerating operation or constant speed operation, 
that is, non-accelerating operation, in a step 33, the 
threshold value Cain_mssw_lmt of the target cam phase 
is set to a predetermined non-acceleration value 
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Cain_mssw2 (< Cain__msswl) smaller than the above 

acceleration value Cain__msswl . 

[0186] 

In a step 34 following the step 32 or the step 33, 
it is determined whether or not the immediately 
preceding value Cain_cmd ( k-1) of the target cam phase 
is smaller than the above threshold value Cain_mssw_lmt • 
If the answer to this question is negative (NO), i,e- 
if Cain_cmd (k-1) ^ Cain__mssw_lmt holds, it is judged 
that the engine 3 is in a predetermined low-load region 
(predetermined first load region) where the phase 
master mode should be executed, so that the program 
proceeds to a step 35, wherein to indicate the fact, 
the lift master flag F_MSLIFT is set to 0, 
[0187] 

On the other hand, if the answer to the question 
of the step 34 is affirmative (YES), i.e. if 
Cain_cmd (k-1) < Cain_mssw_lmt holds, it is judged that 
the engine 3 is in a predetermined high-load region 
(predetermined second load region) where the lift 
master mode should be executed, so that the program 
proceeds to a step 36, wherein to indicate the fact, 
the lift master flag F_MSLIFT is set to 1. 
[0188] 

In a step 37 following the step 35 or the step 36, 
the process for calculating the target valve lift 
Liftin_cmd is performed, as described hereinafter. 
Then, in a step 38, as described hereinafter, the 
process for calculating the target cam phase Cain_cmd 
is executed, followed by terminating the program. 
[0189] 

On the other hand, if the answer to the question 
of the step 30 is affirmative (YES), i.e. if the 
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immediately preceding control mode is the lift master 
mode, the program proceeds to a step 31, wherein it is 
determined whether or not the immediately preceding 
value Liftin_cmd (k-1) of the target valve lift is equal 
to or smaller than a predetermined threshold value 
Liftin_mssw. If the answer to this question is 
affirmative (YES), i.e. if Lif tin_cmd ( k-1) ^ 
Liftin_mssw holds, it is judged that the engine 3 is in 
the predetermined low-load region where the phase 
master mode should be executed, and in the 
aforementioned step 35, the lift master flag F_MSLIFT 
is set to 0. Then, the above-described steps 37 and 38 
are carried out, followed by terminating the program. 
[0190] 

On the other hand, if the answer to the question 
of the step 39 is negative (NO), i.e. if Lif tin_cmd ( k- 
1) > Liftin_mssw holds, it is judged that the engine 3 
is in the predetermined high-load region where the lift 
master mode should be executed, and in the 
aforementioned step 36, the lift master flag F_MSLIFT 
is set to 1. Then, the above-described steps 37 and 38 
are carried out, followed by terminating the program. 
[0191] 

Next, the process for calculating the 
aforementioned target valve lift Liftin_cmd will be 
described with reference to FIG. 39. In a program for 
this process, first, it is determined in a step 50, 
similarly to the above-described step 30, whether or 
not the difference Agcyl__cmd is larger than the 
threshold value Gcyl__acc. 
[0192] 

If the answer to this question is affirmative 
(YES), i.e. if the engine 3 is in accelerating 
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operation, the program proceeds to a step 51, wherein a 
slave value Lif tin_cmd_sl of the target valve lift is 
calculated by searching an acceleration-time table 
shown in FIG. 40 according to the target cam phase 
Cain_cmd. It should be noted that in searching the 
acceleration-time table, an immediately preceding value 
Cain_cmd (k-1) of the target cam phase Cain_cmd is used 
as the target cam phase. Further, in FIG. 40, 
Liftin_refl is smaller than the above-described 
predetermined threshold value Liftin_mssw, and 
Cain_ref 1 is a predetermined value set to a value 
satisfying the relationship of Cain_msswl < Cain_refl < 
Cainad. 
[0193] 

As shown in FIG. 40, in the acceleration-time 
table, the slave value Lif tin_cmd_sl is set to the 
aforementioned predetermined threshold value 
Liftin_mssw in a range where Cain_cmd < Cain_msswl 
holds, and in a range where Cain_cmd > Cain_refl holds, 
the slave value Lif tin_cmd_sl is set to the 
predetermined value Liftin_refl, while in a range where 
Cain_msswl ^ Cain_cmd ^ Cain_refl holds, the slave 
value Lif tin_cmd_sl is set to a smaller value as the 
value of the target cam phase Cain_cmd is more advanced. 
This is because as described above, during the 
accelerating operation of the engine 3, when Cain_cmd 
^ Cain_msswl holds, the control mode is set to the 
phase master mode, so that the target valve lift 
Liftin_cmd is set to a smaller value as the value of 
the target cam phase Cain_cmd is more advanced, i.e. as 
load on the engine 3 is smaller, whereby the variable 
intake valve-actuating mechanism 40 is controlled such 
that the intake air amount is decreased. 
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[0194] 

On the other hand, if the answer to the question 
of the step 50 is negative (NO), i.e. if the engine 3 
is in non-accelerating operation, the program proceeds 
to a step 52, wherein the slave value Lif tin_cmd_sl of 
the target valve lift is calculated by searching a non- 
acceleration-time table shown in FIG. 41 according to 
the target cam phase Cain_cmd. It should be noted that 
also when the non-acceleration-time table is searched, 
the immediately preceding value Cain_cmd (k-1) of the 
target cam phase Cain_cmd is used as the target cam 
phase . 
[0195] 

As shown in FIG. 41, in the non-acceleration-time 
table, the slave value Lif tin_cmd_sl is set to the 
predetermined threshold value Liftin_mssw in a range 
where Cain_cmd < Cain_mssw2 holds, and in the range 
where Cain_cmd > Cain_refl holds, the slave value 
Lif tin__cmd_sl is set to the predetermined value 
Lif tin__ref 1, while in a range where Cain_mssw2 ^ 
Cain_cmd ^ Cain_refl holds, the slave value 
Lif tin_cmd_sl is set to a smaller value as the value of 
the target cam phase Cain_cmd is closer to the most 
advanced value Cainad. This is for. the same reason as 
the reason given in the above description of the FIG. 
40 acceleration table. 
[0196] 

Further, as is clear from comparison between the 
above non-acceleration-time table and the FIG. 40 
acceleration-time table, the slave value Lif tin_cmd__sl 
is set to a larger value in the acceleration-time table 
than in the non-acceleration-time table, in the range 
where Cain mssw2 ^ Cain cmd ^ Cain refl holds. This 
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is because it is necessary to make the response of the 
engine torque control higher during the accelerating 
operation than during the non-accelerating operation, 
and hence when the control mode is the phase master 
mode, quicker transition to the lift master mode is to 
be performed with a view to enhancing the response of 
the intake air amount control. 
[0197] 

In a step 53 following the step 51 or the step 52, 
it is determined whether or not the lift master flag 
F_MSLIFT is equal to 1 • If the answer to this question 
is affirmative (YES), i.e. if the control mode is the 
lift master mode, the program proceeds to a step 54, 
wherein the master value Lif tin_cmd_ms of the target 
valve lift is calculated with the algorithm for the 
lift master mode, expressed by the aforementioned 
equations (2) to (7) and (10) to (14). 
[0198] 

On the other hand, if the answer to the question 
of the step 53 is negative (NO), i.e. if the control 
mode is the phase master mode, the program proceeds to 
a step 55, wherein the master value Lif tin_cmd__ms of 
the target valve lift is calculated with the algorithm 
for the phase master mode, expressed by the 
aforementioned equations (2) to (7) and (15) . This 
means that Lif tin__cmd_ms is calculated as a value of 0. 
[0199] 

In a step 56 following the step 54 or the step 55, 
the target valve lift Liftin_cmd is set to the sum 
(Lif tin_cmd_ms + Lif tin_cmd_sl) of the master value and 
the slave value thereof, followed by terminating the 
program. 
[0200] 
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Next, the process for calculating the 
aforementioned target cam phase Cain_cmcl will be 
described with reference to FIG. 42. In a program for 
this process, first, in a step 60, the slave value 
Cain_cmd_sl of the target cam phase is calculated by 
searching a table shown in FIG. 43 according to the 
target valve lift Liftin_cmd. It should be noted that 
in searching this table, the immediately preceding 
value Lif tin_cmd (k-1) of the target valve lift is used 
as the target valve lift Liftin_cmd. Further, 
Liftin_ref2 in FIG. 43 is a predetermined value larger 
than the predetermined threshold value Liftin_mssw, and 
Cain_ref2 is a predetermined value set such that the 
relationship of Cainrt < Cain_ref2 < Cain_mssw2 holds. 
[0201] 

As shown in FIG. 43, in the above time table, the 
slave value Cain_cmd_sl is set to the predetermined 
value Cain_mssw2 in a range where Liftin_cmd ^ 
Liftin_mssw holds, and in a range where Liftin_cmd ^ 
Liftin_ref2 holds, the slave value Cain_cmd_sl is set 
the predetermined value Cain_ref2, while in a range 
where Liftin_mssw < Liftin__cmd < Liftin_ref2 holds, the 
slave value Cain_cmd_sl is set to a more retarded value 
as the value of the target valve lift Liftin_cmd is 
larger. This is because as described above, when 
Liftin_cmd > Liftin_mssw holds, the control mode is set 
to the lift master mode, so that the target cam phase 
Cain__cmd is set to a more retarded value as the value 
of the target valve lift Liftin_cmd is larger, i.e. as 
load on the engine 3 is larger, whereby the variable 
intake valve-actuating mechanism 40 is controlled such 
that the intake air amount is increased. 
[0202] 
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Then, the program proceeds to a step 61, wherein 
it is determined whether or not the lift master flag 
F^MSLIFT is equal to 1 . If the answer to this question 
is negative (NO), i.e. if the control mode is the phase 
master mode, the program proceeds to a step 62, wherein 
the master value Cain_cmd_ms of the target cam phase is 
calculated with the algorithm for the phase master mode 
expressed by the aforementioned equations (16) to (21) 
and (24) to (28) . 
[0203] 

On the other hand, if the answer to the question 
of the step 61 is affirmative (YES), i.e. if the 
control mode is the lift master mode, the program 
proceeds to a step 63, wherein the master value 
Cain_cmd_ms of the target cam phase is calculated with 
the algorithm for the lift master mode, expressed by 
the aforementioned equations (16) to (21) and (29) . 
This means that the master value Cain_cmd_ms is set to 
a value of 0. 
[0204] 

In a step 64 following the step 62 or the step 63 
the target cam phase Cain_cmd is set to the sum 

(Cain_cmd_ms + Cain_cmd_sl) of the master value and the 
slave value thereof, followed by terminating the 
program. 

[0205] 

Next, a description will be given of the process 
for calculating the above-described lift control input 
Uliftin. Referring to FIG. 44, in a program for this 
process, first, it is determined in a step 70 whether 
or not the aforementioned intake valve-actuating 
mechanism failure flag F_VLVNG is equal to 1 . If the 
answer to this question is negative (NO), i.e. if the 
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variable intake valve-actuating mechanism 4 0 is normal, 
the program proceeds to a step 11, wherein a lift 
difference Pole_eliftin is set to the difference 
(Liftin - Liftin_cmd) between the valve lift and the 
target valve lift, 
[0206] 

Then, the program proceeds to a step 12, wherein 
the target value filter-setting parameter POLE_f" is 
calculated by searching a table shown in FIG. 45 
according to the lift difference Pole_elif tin . In FIG. 
45, Pole__f'''l and Pole_f"2 are predetermined values set 
to satisfy the relationship of -1 < Pole_f"2 < Pole__f"l 
< 0, and Pole_elif tinl and Pole_elif tin2 are 
predetermined values satisfying the relationship of 
Pole_eliftinl < Pole_elif tin2 . 
[0207] 

As shown in FIG. 45, in this table, the target 
value filter-setting parameter POLE_f" is set to the 
predetermined value Pole__ f"l in a range where 
Pole_eliftin < Pole_elif tinl holds, and in a range 
where Pole_eliftin > Pole_elif tin2 holds, the target 
value filter-setting parameter POLE_f'' is set to the 
predetermined value Pole_ f"2, while in a range where 
Pole_eliftinl ^ Pole_eliftin ^ Pole_elif tin2 holds, 
the target value filter-setting parameter POLE_f" is 
set to a value closer to -1 as the lift difference 
Pole_eliftin is larger. This is due to the following 
reason: 
[0208] 

As described hereinabove, the slave value 
Lif tin_cmd_sl of the target valve lift is set to 
different values between during accelerating operation 
and during non-accelerating operation, by searching the 
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respective two tables different from each other, so 
that when the operation of the engine 3 shifts between 
acceleration and non-acceleration, the target valve 
lift Liftin_cmd is sometimes changed drastically before 
and after the transition. In such a case, the valve 
lift Liftin, which is controlled to follow up the 
target valve lift Liftin_cmd, is also drastically 
changed to drastically change the intake air amount, 
resulting in occurrence of a torque step or the like. 
Therefore, to avoid the drastic or sudden change in the 
target valve lift Liftin_cmd, i.e. the valve lift 
Liftin, the target value filter-setting parameter 
POLE_f is set to a value closer to -1 as the lift 
difference Pole_eliftin is larger, that is, as the 
degree of discrepancy between the valve lift Liftin and 
the target valve lift Liftin_cmd is larger. This makes 
it possible to avoid a sudden or drastic change in the 
filtered value Liftin_cmd_f of the target valve lift, 
thereby making it possible to avoid a sudden or drastic 
change in the valve lift Liftin. 
[0209] 

Then, the program proceeds to a step 73, wherein 
the lift control input Uliftin is calculated with the 
control algorithm expressed by the aforementioned 
equations (34) to (46), followed by terminating the 
program. 
[0210] 

On the other hand, if the answer to the question 
of the step 70 is affirmative (YES), i.e. if the 
variable intake valve-actuating mechanism 40 is faulty, 
the program proceeds to a step 74, wherein the lift 
control input Uliftin is set to a predetermined 
failure-time value Uliftin_fs, followed by terminating 



91 



H03-1745US 



the program. The failure-time value Uliftin__fs is set 
to a value which can control the valve lift Liftin to a 
predetermined minute value (value enabling creep 
running e.g. in a vehicle with an automatic 
transmission) . 
[0211] 

Next^ a description will be given of the process 
for calculating the aforementioned phase control input 
Ucain. Referring to FIG. 46, in a program for this 
process, first, it is determined in a step 80 whether 
or not the aforementioned intake valve-actuating 
mechanism failure flag F_VLVNG is equal to 1. If the 
answer to this question is negative (NO), i.e. if the 
variable intake valve-actuating mechanism 40 is normal, 
the program proceeds to a step 81, wherein a phase 
difference Pole__ecain is set to the difference between 
the cam phase and the target cam phase (Cain - 
Cain_cmd) • 
[0212] 

Then, the program proceeds to a step 82, wherein 
the target value filter-setting parameter POLE_f* is 
calculated by searching a table shown in FIG. 47 
according to the above phase difference Pole_ecain. In 
FIG. 47, Pole_ f*l and Pole_ f*2 are predetermined 
values set to satisfy the relationship of -1 < Pole_f*2 
< Pole_ f*l < 0, and Pole_ecainl and Pole_ecain2 are 
predetermined values satisfying the relationship of 
Pole_ecainl < Pole_ecain2. 
[0213] 

In this table, the target value filter-setting 
parameter POLE_f* is set to the predetermined value 
Pole_ f*l in a range where Pole_ecain < Pole_ecainl 
holds, and in a range where Pole_ecain > Pole_ecain2 
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holds, the target value filter-setting parameter 
POLE_f* is set to the predetermined value Pole_ f*2, 
while in a range where Pole_ecainl ^ Pole_ecain ^ 
Pole_ecain2 holds, the target value filter-setting 
parameter POLE_f* is set to a value closer to -1 as the 
phase difference Pole_ecain is larger. This is due to 
the following reason: 
[0214] 

As described hereinabove, when the operation of 
the engine 3 shifts from the non-acceleration to the 
acceleration, the target valve lift Liftin_cmd is 
sometimes changed drastically before and after the 
transition. In such a case, since the slave value 
Cain_cmd_sl of the target cam phase is set according to 
the target valve lift Liftin_cmd, the target cam phase 
Cain_cmd is also changed drastically to drastically 
change the cam phase Cain as well, which is controlled 
to follow up the target cam phase Cain_cmd. This 
causes a sudden or drastic change in the intake air 
amount, which sometimes results in a torque step or the 
like. To avoid such an inconvenience, the target value 
filter-setting parameter POLE_f* is set to a value 
closer to -1 as the lift difference Pole_ecain is 
larger, that is, as the degree of discrepancy between 
the cam phase Cain and the target cam phase Cain_cmd is 
larger. As a result, when the operation of the engine 
3 has shifted from the non-acceleration to the 
acceleration, it is possible to avoid a sudden or 
drastic change in the target cam phase Cain_cmd, 
thereby making it possible to avoid a sudden or drastic 
change in the cam phase Cain. 
[0215] 

Then, the program proceeds to a step 83, wherein 
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the phase control input Ucain is calculated with the 
control algorithm expressed by the aforementioned 
equations (51) to (63), followed by terminating the 
program. 
[0216] 

On the other hand, if the answer to the question 
of the step 80 is affirmative (YES), i.e. if the 
variable intake valve-actuating mechanism 40 is faulty, 
the program proceeds to a step 84, wherein the phase 
control input Ucain is set to a predetermined failure- 
time value Ucain^fs, followed by terminating the 
program. The failure-time value Ucain_fs is set to a 
value which controls the cam phase Cain to a most 
retarded value Cainrt. 
[0217] 

Next, the above-mentioned ignition timing control 
process will be described with reference to FIG. 48. 
As shown in FIG. 48, in a program for this process, 
first, in a step 90, it is determined whether or not 
the intake valve-actuating mechanism failure flag 
F_VLVNG is equal to 1, as described above. If the 
answer to this question is negative (NO), i.e. if the 
variable intake valve-actuating mechanism 40 is normal, 
the program proceeds to a step 91, wherein it is 
determined whether or not an engine start flag 
F_ENGSTART is equal to 1. 
[0218] 

If the answer to the above question is 
affirmative (YES), i.e. if the engine starting control 
is being executed, the program proceeds to a step 92, 
wherein the ignition timing Iglog is set to a 
predetermined start-time value Ig__crk (e.g. BTDC 10*^ ), 
followed by terminating the program. 
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[0219] 

On the other hand, if the answer to the question 
of the step 91 is negative (NO), i.e. if the engine 
starting control is not being executed, the program 
proceeds to a step 93, wherein as described above, it 
is determined whether or not the execution time period 
Teat of the catalyst warmup control is smaller than the 
aforementioned predetermined value Tcatlmt. If the 
answer to this question is affirmative (YES), i.e. if 
Teat < Tcatlmt holds, the program proceeds to a step 94 
wherein it is determined whether or not the accelerator 
pedal opening AP is smaller than the predetermined 
value APREF, as described above. 
[0220] 

If the answer to this question is affirmative 
(YES), i.e. if the accelerator pedal is not stepped on, 
it is judged that the catalyst warmup control should be 
executed, so that the program proceeds to a step 95, 
wherein a catalyst warmup value Ig_ast is calculated. 
The catalyst warmup value Ig_ast is specifically 
calculated with a response-specifying control algorithm 
(a sliding mode control algorithm or a back stepping 
control algorithm) expressed by equations (64) to (66) 
shown in FIG. 49. 
[0221] 

It should be noted that discrete data with a 
symbol (m) indicates that it is data sampled (or 
calculated) in synchronism with input of each TDC 
signal pulse. The symbol m indicates a position in the 
sequence of sampling cycles of respective discrete data 
It should be noted that in the following description, 
the symbol (m) provided for the discrete data is 
omitted as deemed appropriate. 
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[0222] 

In the equation (64) in FIG. 4 9, ig_ast_base 
represents a predetermined catalyst warmup reference 
ignition timing (e.g. BTDC 5"* ), and Krch* and Kadp* 
represent feedback gains. Further, a* represents a 
switching function calculated by the equations (65) and 
(66). In the equation (65), POLE* represents a 
response-specifying parameter set to satisfy the 
relationship of -1 < POLE * < 0, and Enast represents a 
follow-up error calculated by the equation (66) . In 
the equation (66), NE_ast represents a predetermined 
catalyst warmup target engine speed (e.g. 1800 rpm) . 
With the above-described control algorithm, the 
catalyst warmup value Ig_ast is calculated as a value 
for causing the engine speed NE to converge to the 
catalyst warmup target engine speed NE_ast. 
[0223] 

Then, the program proceeds to a step 96, wherein 
the ignition timing Iglog is set to the above-described 
catalyst warmup value Ig_ast, followed by terminating 
the program. 
[0224] 

On the other hand, if the answer to the question 
of the step 93 or the step 94 is negative (NO), i.e. if 
Teat ^ Tcatlmt holds, or if the accelerator pedal is 
stepped on, the program proceeds to a step 91, wherein 
a normal operation value Ig_drv is calculated by 
searching a map shown in FIG. 50 according to the 
accelerator pedal opening AP and the engine speed NE. 
[0225] 

In this map, the normal operation value Ig_drv is 
set to a less advanced value, as the accelerator pedal 
opening AP is larger. This is to avoid Icnocking which 
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is liable to occur when the engine 3 is in a high-load 
region. Moreover, the normal operation value Ig_drv is 
set to a more advanced value, as the engine speed NE is 
higher, in a low engine speed region, whereas in a high 
engine speed region, it is set to a less advanced value, 
as the engine speed NE is higher. This is to raise the 
temperature of combustion gases to thereby enhance 
combustion efficiency by setting ignition timing to a 
more advanced value, as the engine speed NE is higher, 
since knocking is not liable to occur in the low engine 
speed region. On the other hand, in the high engine 
speed region where knocking is liable to occur, the 
normal operation value Ig__drv is set as described above 
so as to avoid occurrence of knocking by setting the 
ignition timing to a less advanced value, as the engine 
speed NE is higher. 
[0226] 

Then, the program proceeds to a step 98, wherein 
the ignition timing Iglog is set to the above-described 
normal operation value Ig_drv, followed by terminating 
the program. 
[0227] 

On the other hand, if the answer to the question 
of the step 90 is affirmative (YES), i.e. if the 
variable intake valve-actuating mechanism 40 is faulty, 
the program proceeds to a step 99, wherein a failure- 
time value Ig_fs is calculated. The failure-time value 
Ig_fs is specifically calculated with a response- 
specifying control algorithm (a sliding mode control 
algorithm or a back stepping control algorithm) 
expressed by equations (67) to (69) shown in FIG. 49. 
[0228] 

In the equation (67) in FIG. 49, ig_fs_base 
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represents a predetermined failure-time reference 
ignition timing (e.g. TDC + 0° ) , and Krch** and Kadp** 

represent feedback gains. Further, a** represents a 
switching function calculated by the equations (68) and 
(69). In the equation (68), POLE** represents a 
response-specifying parameter set to satisfy the 
relationship of -1 < POLE ** < 0, and Enfs represents a 
follow-up error calculated by the equation (69) . In 
the equation (69), NE_fs represents a predetermined 
failure-time target engine speed (e.g. 2000 rpm) . With 
the above-described control algorithm, the failure-time 
value Ig_fs is calculated as a value for causing the 
engine speed NE to converge to the failure-time target 
engine speed NE_fs. 
[0229] 

Then, the program proceeds to a step 100, wherein 
the ignition timing Iglog is set to the above-described 
failure-time value Ig_fs, followed by terminating the 
program. 
[0230] 

According to the intake air amount control system 
1 configured as above, the target valve lift Liftin_cmd 
is compared with the predetermined threshold value 
Liftin_mssw, or the target cam phase Cain_cmd is 
compared with the threshold value Cain_mssw_lmt , 
whereby the lift master mode or the phase master mode 
is selected as the control mode for the intake air 
amount control. More specifically, when Liftin_cmd > 
Liftin__mssw holds, or when Cain_cmd ^ Cain_mssw_lmt 
holds, that is, when the load on the engine 3 is within 
the predetermined high-load region, the lift master 
mode is selected, and otherwise, i.e. when the load on 
the engine 3 is within the predetermined low-load 
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region, the phase master mode is selected. 
[0231] 

In the lift master mode, the target valve lift 
Liftin_cmd is calculated as the sum of the master value 
Lif tin_cmd__ms of the target valve lift, calculated with 
the algorithm for the lift master mode [the equations 
(2) to (7) and (10) to (14)], and the slave value 
Lif tin_cmd_sl of the target valve lift, calculated by 
searching the associated table, whereby the actual 
intake air amount Gcyl is controlled such that it 
converges to the target intake air amount Gcyl__cmd. 
Furthermore, the master value Cain_cmd_ms of the target 
cam phase is set to a value of 0, and the slave value 
Cain_cmd_sl thereof is calculated by searching the 
associated table according to the target valve lift 
Liftin_cmd. As described above, if the lift master 
mode is selected because of the load on the engine 3 
being within the predetermined low-load region, the 
valve lift control makes it possible to control the 
actual intake air amount Gcyl such that the actual 
intake air amount converges to the target intake air 
amount Gcyl_cmd. This makes it possible to reduce dead 
time in the intake air amount control, thereby 
enhancing the response of the intake air amount control. 
Moreover, since the target cam phase Cain_cmd, i.e. the 
slave value Cain_cmd_sl thereof is set according to the 
target valve lift Liftin_cmd, the cam phase Cain can be 
controlled such that it does not interact with the 
valve lift control. That is, in the high-load region 
requiring high responsiveness of the intake air amount 
control, it is possible to secure such high 
responsiveness, while avoiding interaction between the 
cam phase control and the valve lift control. 
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[0232] 

On the other hand, in the phase master mode, the 
target cam phase Cain_cmd is calculated as the sum of 
the master value Cain_cmd_ms of the target cam phase, 
calculated with the algorithm for the phase master mode 
[the equations (16) to (21) and (24) to (28)], and the 
slave value Cain_cmd_sl of the target cam phase, 
calculated by searching the associated table, whereby 
the actual intake air amount Gcyl is controlled such 
that it converges to the target intake air amount 
Gcyl_cmd. Furthermore, the master value Lif tin_cmd__ms 
of the target valve lift is set to a value of 0, and 
the slave value Lif tin_cmd_sl thereof is calculated by 
searching the associated table according to the target 
cam phase Cain_cmd. As described above, when the load 
on the engine 3 is within the predetermined low-load 
region, and the phase master mode is selected, the cam 
phase control makes it possible to control the actual 
intake air amount Gcyl such that it converges to the 
target intake air amount Gcyl_cmd. This makes it 
possible to finely control the intake air amount by a 
very small amount of change, thereby making it possible 
to enhance the accuracy of the control. Moreover, 
since the target valve lift Liftin_cmd, i.e. the slave 
value Lif tin_cmd_sl thereof is set according to the 
target cam phase Cain_cmd, the valve lift Liftin can be 
controlled such that it does not interact with the cam 
phase control. That is, in the low-load region where 
high accuracy of the intake air amount control is 
required, it is possible to secure high control 
accuracy as described above, while avoiding interaction 
between the cam phase control and- the valve lift 
control . 
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[0233] 

Further, in the tables illustrated in FIGS. 40 
and 41, the relationship between the slave value 
Lif tin_cmd_sl of the target valve lift and the target 
cam phase Cain_cmd is set such that the increasing and 
decreasing . directions of the intake air amount 
determined by the slave value Lif tin_cmd_sl of the 
target valve lift become equal to the respective 
increasing and decreasing directions of the intake air 
amount determined by the target cam phase Cain_cmd, and 
in the FIG. 43 table, the relationship between the 
slave value Cain_cmd_sl of the target cam phase and the 
target valve lift Liftin_cmd is set such that the 
increasing and decreasing directions of the intake air 
amount determined by the slave value Cain_cmd__sl of the 
target cam phase become equal to the respective 
increasing and decreasing directions of the intake air 
amount determined by the target valve lift Liftin_cmd. 
This makes it possible to more positively avoid 
interaction between the cam phase control and the valve 
lift control. 
[0234] 

Furthermore, generally, as the valve-opening 
timing of the intake valve 4 becomes earlier, the 
internal EGR amount becomes larger to lower the 
combustion speed. In contract, in the tables in FIGS. 
4 0 and 41, the slave value Lif tin_cmd_sl of the target 
valve lift is set such that it becomes smaller as the 
value of the target cam phase Cain_cmd is more advanced, 
i.e. as the target cam phase Cain_cmd assumes a value 
that makes earlier the valve-opening timing of the 
intake valve 4, so that the valve lift Liftin is 
controlled to a smaller value as the valve-opening 
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timing of the intake valve 4 is made earlier. This 
makes it possible to increase the fluidity of the 
mixture within the cylinders, thereby making it 
possible to compensate for the above-mentioned lowered 
combustion speed to thereby obtain stable combustion 
state of the engine 3. Moreover, when the valve- 
opening timing of the intake valve 4 is more advanced, 
the valve lift Liftin is controlled such that it is 
necessarily made smaller, and hence when the intake air 
amount control system 1 is applied to an engine 
configured such that the intake valve 4 and the exhaust 
valve 7 are brought into abutment with each other when 
they are simultaneously opened, it is possible to 
reliably avoid the abutment. 
[0235] 

Further, the threshold value Cain_mssw_lmt 
compared with the target cam phase Cain_cmd is set to a 
smaller value during the accelerating operation of the 
engine 3 than during the non-accelerating operation 

thereof, and hence the relationship of Cain_cmd ^ 
Cain_mssw_lmt is more readily satisfied, so that the 
control mode is quickly switched from the phase master 
mode to the lift master mode. This means that when the 
engine 3 is in accelerating operation and the load on 
the engine 3 is high, it is possible to quickly execute 
transition to the lift master mode, whereby it is 
possible to secure high responsiveness of the intake 
air amount control quickly and properly. 
[0236] 

Furthermore, the slave value Lif tin_cmd_sl of the 
target valve lift Liftin_cmd is set to a larger value 
during the accelerating operation of the engine 3 than 
during the non-accelerating operation of the engine 3, 
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and hence the relationship of Liftin_cmd > Liftin_mssw 
is more readily satisfied, in the step 39, so that when 
the control mode is the lift master mode, a region 
where the control mode is held in the lift master mode 
is expanded. With this configuration, when the engine 
3 is in accelerating operation and the load on the 
engine 3 is high, it is possible to expand a region for 
executing the lift master mode, whereby it is possible 
to secure high responsiveness of the intake air amount 
control quickly and properly. Further, for the same 
reason, in the step 60, the slave value Cain_cmd_sl of 
the target cam phase is set to a smaller value during 
the accelerating operation than during the non- 
accelerating operation, whereby in the step 34, the 
relationship of Cain_cmd ^ Cain_mssw_lmt is more 
readily satisfied, so that as described above, the 
control mode is quickly switched from the phase master 
mode to the lift master mode. 
[0237] 

Further, when the control mode of the intake air 
amount is the lift master mode, the master value 
Cain_cmd_ms of the target cam phase is set to a value 
of 0, and when the control mode is the phase master 
mode, the master value Lif tin_cmd_ms of the target 
valve lift is set to a value of 0, so that e.g. when 
the control mode is switched from the phase master to 
the lift master mode, the master value Lif tin_cmd_ms of 
the target valve lift assumed before the switching of 
the control mode is set to a value of 0, and hence a 
value of 0 is used as an initial value of the master 
value Lif tin_cmd__ms of the target valve lift, whereby 
it is possible to avoid a sudden change in the target 
valve lift Liftin__cmd. Inversely, also when the 
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control mode is switched from the lift master mode to 
the phase master mode, a value of 0 is used as an 
initial value of the master value Cain_cmd_ms of the 
target cam phase after the switching, whereby it is 
possible to avoid a sudden change in the target cam 
phase Cain_cmd. As described above, it is possible to 
avoid a sudden change in the state of control of the 
intake air amount, thereby making it possible to avoid 
occurrence of a torque step or the like. 
[0238] 

Furthermore, since the two master values 
Lif tin_cmd__ms and Cain_cmd_ms are both calculated with 
the aforementioned target value filter-type two-degree- 
of -freedom control algorithms, it is possible to 
properly set the convergence rate of the actual intake 
air amount Gcyl to the target intake air amount 
Gcyl__cmd with the target value filter algorithm, and 
properly set the convergence behavior of the actual 
intake air amount Gcyl to the target intake air amount 
Gcyl_cmd with sliding mode control algorithms. 
[0239] 

Further, the calculation period, i.e. the control 
period ATI at which the target cam phase Cain^cmd and 
the target valve lift Liftin_cmd are calculated is set 
to the predetermined value which can properly reflect 
the dynamic characteristic of the intake air amount on 
the plant model [equations (8) and (22)], so that it is 
possible to accurately control a transitional change in 
the intake air amount by using the target cam phase 
Cain_cmd and the target valve lift Liftin_cmd. Further, 
the calculation period, i.e. the control period AT2 at 
which the lift control input Uliftin and the phase 
control input Ucain are calculated is set to a value 
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shorter than the calculation period ATI at which the 
target valve lift Liftin_cmd and the target cam phase 
Cain_cmd are calculated, and therefore the convergence 
rate at which the valve lift Liftin is caused to 
converge to the target valve lift Liftin_cmd by the 
valve lift controller 120, and the convergence rate at 
which the cam phase Cain is caused to converge to the 
target cam phase Cain_cmd by the cam phase controller 
220 can be made higher than the convergence rate at 
which the actual intake air amount Gcyl is caused to 
converge to the target intake air amount Gcyl_cmd by 
the first and second ACTASS controllers 100 and 200, 
thereby making it possible to enhance the stability i.e. 
the controllability of the intake air amount control. 
[0240] 

It should be noted that in the first and second 
ACTASS controllers 100 and 200, the respective master 
values Lif tin_cmd_ms and Cain_cmd__ms of the target 
valve lift and the target cam phase may be calculated 
with simple target value filter-type two-degree-of - 
freedom sliding mode control algorithms expressed by 
equations (70) to (77) shown in FIG. 51, and equations 
(78) to (85) shown in FIG. 52 in place of the control 
algorithms expressed by the equations (2) to (7), (10) 
to (15), (16) to (21), and (24) to (29). It should be 
noted that Uadp in the equation (71) represents an 
adaptive law input calculated by the equation (73), and 
Kadp in the equation (73) represents a feedback gain. 
Similarly, Uadp' in the equation (79) represents an 
adaptive law input calculated by the equation (81) , and 
Kadp' in the equation (81) represents a feedback gain. 
[0241] 

In this case, when the control mode is the lift 



105 



H03-1745US 



master mode, the master value Lif tin_cmd_ms of the 
target valve lift is calculated by the equations (70) 
to (74), (76), and (77), whereas when the control mode 
is the phase master mode, it is calculated as a value 
of 0 by the equations (70) to (73), and (75) to (77). 
Further, when the control mode is the phase master mode, 
the master value Cain_cmd_ms of the target cam phase is 
calculated by the equations (78) to (82), (84), and 
(85), whereas when the control mode is the lift master 
mode, it is calculated as a value of 0 by the equations 
(78) to (81), and (83) to (85). When the simple target 
value filter-type two-degree-of-f reedom sliding mode 
control algorithms expressed by the equations (70) to 
(77) and the equations (78) to (85) are used, there is 
no need to calculate the aforementioned disturbance 
estimates cl and cl' , which makes it possible to 
dispense with the adaptive disturbance observers 108 
and 208, thereby making it possible to reduce 
computation load on the ECU 2. 
[0242] 

It is apparent from FIG. 53 that even when the 
simple target value filter-type two-degree-of-f reedom 
sliding mode control algorithms expressed by the 
equations (70) to (77) and the equations (78) to (85) 
are used, it is possible to control the actual intake 
air amount Gcyl such that it is caused to follow up the 
target intake air amount Gcyl__cmd. It is understood 
that particularly when the target intake air amount 
Gcyl__cmd is set to a large value, i.e. when the load on 
the engine 3 is high, by selecting the lift master mode 
as the control mode, it is possible to enhance the 
follow-up property of the actual intake air amount Gcyl 
to a large change in the target intake air amount 
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Gcyl_cmd. 
[0243] 

On the other hand, it is understood that 
particularly when the target intake air amount Gcyl_cmd 
is set to a small value, i.e. when the load on the 
engine 3 is low, if the phase master mode is selected 
as the control mode, it is possible to control the 
amount ALiftin [= Liftin(k) - Liftin (k-1)] of a 
change in the valve lift Liftin to a small value. This 
makes it possible to avoid adverse influence of 
variations between individual units of the variable 
valve lift mechanism 50 and aging thereof. 
[0244] 

Although in the above-described embodiment, the 
algorithm which calculates the slave value Cain_cmd_sl 
of the target cam phase by searching the associated 
table according to the target valve lift Liftin_cmd is 
employed as the predetermined first control algorithm 
for controlling the cam phase Cain, by way of example, 
the predetermined first control algorithm is not 
necessarily limited to this, but it may be any suitable 
control algorithm for controlling the cam phase Cain so 
as to assist the valve lift control. For example, an 
algorithm may be used which calculates the slave value 
Cain_cmd_sl of the target cam phase by searching a map 
or a table according to parameters indicative of load 
on the engine, such as the engine speed NE and the 
accelerator pedal opening AP. 
[0245] 

Further, although in the above-described 
embodiment, the algorithm for calculating the slave 
value Lif tin_cmd_sl of the target valve lift by 
searching the associated table according to the target 
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cam phase Cain_cmd is employed as the predetermined 
second control algorithm for controlling the valve lift 
Liftin, by way of example, the predetermined second 
control algorithm is not necessarily limited to this, 
but it may be any suitable control algorithm for 
controlling the valve lift Liftin so as to assist the 
cam phase control. For example, an algorithm which 
calculates the slave value Lif tin_cmd_sl of the target 
valve lift by searching a map or a table according 
parameters indicative of load on the engine, such as 
the engine speed NE and the accelerator pedal opening 
AP, can be used. 
[0246] 

Furthermore, although in the above-described 
embodiment, the target value filter-type two-degree-of- 
freedom control algorithms are employed as two-degree- 
of-freedom control algorithms, by way of example, the 
two-degree-of-f reedom control algorithms are not 
necessarily limited to this, but they may be any 
suitable control algorithms containing feedback control 
algorithms. For example, feedback compensation-type 
two-degree-of-f reedom control algorithms may be 
employed. 
[0247] 

Further, although in the above-described 
embodiment, the target cam phase Cain__cmd and the 
target valve lift Liftin_cmd are employed as parameters 
indicative the states of control of the cam phase and 
the valve lift, respectively, this is not limitative, 
but the cam phase Cain and the valve lift Liftin may be 
employed in place of the target cam phase Cain_cmd and 
the target valve lift Liftin_cmd. More specifically, 
the slave value Lif tin_cmd_sl of the target valve lift 
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may be calculated by searching an associated table in 
which values of the slave value Lif tin_cmd_sl are set 
according to the cam phase Cain, in place of the tables 
shown in FIGS. 4 0 and 41, and the slave value 
Cain_cmd_sl of the target cam phase may be calculated 
by searching an associated table in which values of the 
slave value Cain_cmd_sl are set according to the valve 
lift Liftin, in place of the FIG, 43 table. 
Furthermore, the slave values Lif tin_cmd_sl and 
Cain_cmd_sl may be calculated by searching an 
associated table configured according to one of the 
parameters of the engine speed NE, the accelerator 
pedal opening AP, the target intake air amount Gcyl_cmd, 
and the actual intake air amount Gcyl, or a map 
configured according to two of the parameters. 
[0248] 

Furthermore, although in the above-described 
embodiment, the engine speed NE and the accelerator 
pedal opening AP (or the target intake air amount 
Gcyl_cmd) are employed as the load parameter and the 
first load parameter, by way of example, the load 
parameter and the first load parameter are not 
necessarily limited to this, but they may be any 
suitable parameters indicative of load on the engine 3. 
For example, the actual intake air amount Gcyl and the 
like may be used as the load parameter and the first 
load parameter. 
[0249] 

Further, although in the above-described 
embodiment, the target valve lift Liftin_cmd and the 
target cam phase Cain_cmd are employed as the second 
load parameter, by way of example, the second load 
parameters are not necessarily limited to this, but 
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they may be any suitable parameters indicative of load 
on the engine 3. For example, the valve lift Liftin 
and the cam phase Cain may be used as the second load 
parameters, and further the engine speed NE, the 
accelerator pedal opening AP, the target intake air 
amount Gcyl_cmd, and the actual intake air amount Gcyl 
may be used. 
[0250] 

Further, when the determination in the step 34 is 
performed, the cam phase Cain and the predetermined 
value Cain__mssw__lmt may be compared with each other, 
and when the determination in the step 39 is performed, 
the. valve lift Liftin and the predetermined threshold 
value Liftin_mssw may be compared with each other. 
[0251] 

Further, the method of determining whether or not 
the engine 3 is in the accelerating state is by no 
means limited to the example employed in the above- 
described embodiment, in which the difference 
Agcyl_cmd is compared with the predetermined value 
Gcyl_acc (step 31) . It may be any suitable method 
capable of determining whether or not the engine 3 is 
in acceleration. For example, in the step 31 in the 
above-described embodiment, the difference between the 
current value and the immediately preceding value of 
the actual intake air amount Gcyl may be compared with 
a predetermined value. 
[0252] 

Further, to the control algorithms for the first 
and second ACTASS controllers 100 and 200, the state 
predictor and the onboard identifier may be added 
similarly to the valve lift controller 120 and the cam 
phase controller 220. Further, a parameter scheduler 
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or the like may be added. 
[0253] 

Furthermore, although in the above-described 
embodiment, the valve lift mechanism capable of 
steplessly (continuously) changing the valve lift is 
employed as the variable valve lift mechanism, by way 
of example, the variable valve lift mechanism is not 
necessarily limited to this, but it may be any suitable 
valve lift mechanism which is capable of changing the 
valve lift. For example, a valve lift mechanism 
capable of changing the valve lift in a plurality of 
steps may be employed as the variable valve lift 
mechanism. 
[0254] 

Further, although in the above-described 
embodiment, the cam phase mechanism capable of 
steplessly (continuously) changing the cam phase is 
employed as the variable cam phase mechanism, by way of 
example, the variable cam phase mechanism is not 
necessarily limited to this, but it may be any suitable 
valve lift mechanism which is capable of changing the 
cam phase. For example, a cam phase mechanism capable 
of changing the cam phase in a plurality of steps may 
be employed as the variable cam phase mechanism. 
[ Industrial Applicability] 
[0255] 

The intake air amount control system according to 
the present invention can be applied not only to the 
internal combustion engine for automotive vehicles as 
in the above-described embodiment but also to internal 
combustion engines for various kinds of industrial 
machines, such as those installed on boats and so forth. 



